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Abstract
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A series of field experiments in atmospheric diffusion was conducted at
Edwards Air Force Base, California, in 1963, The primary feature which dis-

tinguished this series from similar experimental investigations was that

A R s

instantaneous sources were studied. Puffs of tracer material were generated
quasi-instantaneously by short bursts of small, horizontally fired, solid
propellant rocket motors. Tracer samples were collected on a horizontal grid

that had 350 sampling positions., All of the 43 experiments were conducted under

et

thermally unstable atmospheric conditions,
Analysus of the data identified the region of the turbulent encrgy spectrum
which contains the eddies that are effective in diffusing the clouds. Eulerian

measurements of turbulence are shown to be correlated with lateral rates of

o

cloud growth, Downwind distributions of peak inhalation-level dosages were

E s

found to be quite irregular, with the anomalies unpredictable on the basis of
measurable meteorological parameters. It was, nevertheless, possible to

develop an operationally useful estimating equation relating peak dosages to
distance from the source,
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PROJECT SAND STORM—AN EXPERIMENTAL PROGRAM
IN ATMOSPHERIC DIFFUSION

. Introduction

John H. Taylor, Lt. Colonel, USAF
Air Force Cambridge Research Laboratories

A field test program in atmospheric diffusion was carried out at Edwards

Air Force Base, California, over a 9-month period in 1963. For ease of refer-

ence the program was nicknamed Project Sand Storm. It was designed primarily
to provide operationally useful statements of dilution rates of pollutant clouds

from small-volume, quasi-ingtantaneous sources. Motivation for the program
arosze from the necessity for using existing test facilities at the Air Force Rocket
Propulsion Laboratory to static fire rocket motors whose exhausts contained
substantial amounts of toxic materials, and the inability to estimate with ary
degree of confidence the magnitude of the resulting toxicological hazard.

Although recent studies of a similar nature had yielded the technical informa-
tion needed to sclve related Air Force problems (Barad, 1958; Barad and Fuquay,
1962; Haugen and Fuquay, 1963; Haugen and Taylor, 1363), there were significant
differences which made the previous studies inapplicable to the current problem.
The basic difference was in the character of the pollutant cloud. The short burst
of a rocket motor can be likened to m quasi-instantaneous source that generates a
All the previous studies had been concerned with plumes generated by con-

puff.
While it is generally accepted that the behavior of

tinuously emitting sources.

(Received for publication 8 April 1965)
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puffs in the atmosphere differs from that of plumes, the laws governing the diffu-
sion of puffs were not well substantiated. Theoretical investigations of the behavior
of puffs, important as they might be for guiding the field studies, were not suffi-
cient for solving the operational problem. Further, the few experimental studieg
that had been conducted had had very limited objectives and were of little use for
determining the diffn1sion rates of clouds generated by static-fired rocket motors.

A preliminary analysis of the problem at Edwards indicated that a substan-
tial field test program would be required to produce the data needed to solve the
immediate operational problem. Even a minimal program for measuring the
horizontal distributions cof dosages downwind of the motor-firing point called for
a densely instrumented sampling grid. Meteorological support requirements
included wind and temperature profiles from near the surface to 200 feet and a
sufficient number of surface wind measurements to define significant features,
if any, in the horizontal flow patterns over the sampling grid. Supplemental in-
formation on the initial cloud size and height was considered essential because
of the unknown source configurations. The latter requirement was satisfied at
least partially by double phototheodolite measurements.

The design and direction of Project Sarnd Storm were undertaken by the Air
Force Cambridge Research Laboratories at the request of the Air Fcrce Rocket
Propulsion Laboratory which, in turn, provided fundi g, logistic support, and tech-
nical services. Logistic support included construction of the sampling grid, pro-
vigion of trucks for service, and facilities for maintaining the equipment. Tech-
nical services included the reduction and processing of metecrological and tracer
sampling data.

Personnel of the 6th Weather Squadron, 4th Weather Group, Air Weather Ser-
vice, installed, maintained, and operated the sampling equipment. Personnel of
Detachment 21, 4th Weather Group, maintained and operated the meteorological
equipment. The Air Force Flight Test Center provided the personnel and equip-
ment for making phototheodolite observations. Coordination of the varied activi-
ties of all participating units was previded by AFCRL,

The following is a list of the personnel who participated ir. the field test
program:
6th Weather Squadron {(Mobile), 4th Weather Group, Air Weather Service

MSgt R. B. Eis

TSgt J. C. Copeland
TSgt P. Zerbecki

SSgt D. L. Hanson

A1C L. M. Acker

A2C J. B. Braden

A2C W. F. Burns

A2C S. L. Carkin

A2C H. A. Clifton, Jr.
A2C B. W, Connolly, Jr.
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A2C A. Farley, Jr.
A2C T. P. Kerbein
A2C M. L. Prince
A2C M. P. Tulledge
A2C D. E. Wagner
A3C T. K. Ingoldsby
A3C W. J. Marino
A3C R. L. Metzendorf
A3C R. A. Mocre
A3C W. M. Warschell
A3C L. N. Young

Detachment 21, 4th Weather Group, Air Weather Service

SSgt P. W. Persian
A1C M. E. Thompson
A2C A. L. Fleenor
A2C B. S. Muelman

Air Force Rocket Propulsion Laboratory

E. J. Enwall
CPT F. J, Fowler*
C. E. Graham
W. F. Mayer
MSgt D. A. Miller
R. L. Noblin

*Captain Fowler was Staff Meteorologist to AFRPL from Dst. 21, 4th Weather
Group.

Air Force Flight Test Center

W. G. Ogle
TSgt J. W. Morgan
C. D. Wood

Hanford Atomic Products Operation, General Electric Company
M. F. Scoggins
Air Force Cambridge Research l.aboratories

LTC J. H. Taylor
MAJ F. H. Miller=
CPT J. V. Nou®
CPT G. L. Tuckerx

“4th Weather Group attached to AFCRL

The three objectives of this report are: (1) to describe the program,
(2) to present some findings of an operationally oriented analysis, and (3) to
present some of the test data. The first objective is accomplished in Chapters I1
through VI which deal with the design and description of the field experiments and
include discussions of tracer-dosage measurements, meteorological measure-
ments, and the procedures used in data reduction and processing. The secund ob-

jective is met in Chapter VII in which an analysis of the Sand Storm data is directed

toward the solution of a gpecific operational problem. The third objective is com- §

i

pleted in the appendices, where one will find tabulations of tracer sampling and
source data in Appendix A, phototheodolite data in Appendix B, and intensity of
turbulence me asurements in Appendix C.
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Il. Diffusion Experiment Design Factors

John H. Taylor, Lt. Colonel, and Gordon L. Tucker, Captain® ‘
Air Force Combridge Reseorch Loboratories ‘

and Frederick J. Fowler, Captain®*
Air Force Rocket Propulsion Laborstory

The primary objective of the Sand Storm field program was to collect data
that could be used to develop operationally useful statements of diffusion rates
of puffs released from static-fired rocket motors, The design of the experiments .
was directed solely toward the accomplishment of this objective, within the
framework of constraints impased by operational limitations and practical
considerations. At the outset the following operational limitations were imposed:

a. The sources were to be the short bursts of small rocket motors static-

fired in a horizontal positiun.

b. The tracer n.aterial was to be the beryllium contained in the propellant

grain and expelled as particulate compounds of beryllium. It is extremely

toxic and necessitated elaborate precautions for safeguarding the health

of personnel participating in field activities.

c. The source point was preselected.

¢Currently assigned to Detachment 21, 4th Weather Group, Air
Weather Service.

**During the period of field test, Caf)taln Fowler was assigned as
Staff Meteorologist to AFRPL from Detachment 21, 4th Weather Group.
He is currently assigned to the University of Washington,




Based on the first two operational constraints and the requirement for a
timely solution, a proven air-sampling technique utilizing readily available
sampling equipment was to be used. The assay procedure selected to complement
the sampling technique is described in Chapter IV. It has the following significant
features which further influenced the design of the experiments:

a. The detection threshold of tracer in the sample was about 0.05 ug Be,

but accurate assays were possible ~nly for amounts equal o or greater than

0.5ug.

b. In practice the range of assessment extended over about 5 orders of

magnitude.

¢. The assessment procedure was lengthy, costly, and destroyed the sample.

Because of economic and logistic limitations on the number of sampling units
that could be supported in the field, and the rate at which sample assessments
could be made, a maximum of about 350 samples could be collected per experiment.
In addition, the climatology of low-level winds at the site revealed that in order
to achieve a reasonable expectance of winds favorable to a test, the angular width
of the sampling array had to be at least 90 degrees. Therefore, in order to
adequately define lateral and dowawind distributions of dosages, the sampling
array had to be limited to a horizontal plane. This~—together with the uncertainty
of the extent of the toxicological hazard associated with the intentional releases
of toxic materials, the desire to obtain a statistically significant set of experi-
ments, and the desirability of conducting rocket motor tests during daylight
conditions —led to the decision to conduct all experiments under thermally unstable
meteorological conditions.

The remaining feature of the basic design was the specification of sampler
density in the downwind and lateral dircctions. Essentially, the problem was that
of finding the best compromise, one which permitted an adequate definition of the
lateral dosage distribution at as many distances from the source as required to
define the downwind distribution of dosages. In making the decision as to the
adequacy of lateral, or arcwise, spacing of sampling units, we utilized the
statistics of Gaussian distributions. To be wholly adequate, the distribution
should be defined by three standard deviations on either side of the mean and have
one to two significant sampleg per standard deviation (Haugen, 1959), This means
that the peak should be about 100 times the minimum significant dosage and there
should be 7 to 12 samoles with significant dosages. With our assay technique
yielding a minimum significant dosage of 0.5 ug, the peak would have to be at
least 50 ug Be, a factor which also influenced our decision concerning the
maximum distance downwind from the source that sampling would be practical.

Arcwise sampler spacing then became a problem of estimating the expected
lateral dimensions and growth rates of puffs. Some theoretical {Smith and Hay,

© e g



1961; Sutton, 1947) and empirical (Cramer et al, 1958; Aerojet-General Nucleonics,
1962; General Electric Co., 1962) works were used in making thege estimates.
Our estimates wers of necessity crude, but they revealed that we woula ..ot be

able to include a safety factor in arcwise sampling density if we instrumented a
sufficient number of arce to adequately define downwind distributions. We wished
to sample to the maximum downwind distance permitied by source strengihs and
assay techniques, and at the same time show the effect of source height on
ctose-in surface dosages. I'* was decided to instrument 10 arcs, giving priority

to downwind sampler density at the expense of arcwige density. However, the

grid design was made flexible enough to allow changes if during the course of the
experiments such changes became necessary. After the fourteenth experiment we
concluded that we could eliminate four of the arcs near the source without degrada-
tion of the exgeriments. The sampling units from the discortinued arcs were then
allotted to the remaining six arcs, giving a more nearlv acceptabtle arcwise sam-
pling density,

Specificatiors of the tracer sampling grid are given in Chapter I, Table 2.
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. Description of the Diffusion Experiments

Juri V. Nou, Captain®
Air Force Cambridge Research Laborstories

1. INTRODUCTION

From March through November 1963, 43 diffusion experiments were conducted

at Edwards Air Force Base, California. All experiments were conducted under

thermally unstable atmospheric conditions with westerly or southwesterly winds of
sufficient strength (over 5 knots) to assure that the trac~r material was carried

downwind within the confines of the sampling grid.

2. THE SOURCE

Small, solid propellant rocket motors were static-fired in short bursts to pro-
duce the tracer clouds. The horizontally fired motors were aligned approximately
with the wind so that the exhaust was expelled in a downwind direction and remained
close to the ground for a distance of 75 to 150 feet before blogsoming into a puff.
However, since the puff had initial finite dimengicns, the effective source point for
an equivalent point source lay somewhere upwind. Crude estimates, based on ob-

*Currently assigned to Detachment 10, 4th Weather Group, Air
Weather Service,
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gerved initial puff dimensions and growth rates over the shorter travel distances,
indicated that the effective source point was very close tc the actual firing point,

The relatively large amounts of thermal energy liberated during firings caused
the puffs to rise immediately after they were formed. Although it was not possible
to accurately determine the effective source heights (because phototheodolite
measurements proved to be inadequate for that purpose in most cases), they ap-
peared to vary considerably, depending on the amount of propellant expended and on
the vind speed. Based on a limited amount of phototheodclite data and on visual
cbiervations, the effective source heights were estimated to vary from a few feet,
perhaps 10 to 20 feet, when small motors were fired in strong winds, to 100 feet
or slightly more when large motors were fired under light wind conditions.

Firing durations ranged from abcut 2 to 8 seconds. Propellant grains varied
in weight from about 8 to 70 pounds and produced clouds whose visible dimensiong
were initially 50 to 150 feet in diameter. Source data are tabulated in Appendix A,

3. THE TRACER

Finely divided metallic beryllium, an ingredient of the rocket motor propel-
lant grains, was used as the tracer material. When the motors were fired, com-
pounds of beryllium were expelled and distributed throughout the exhaust cloud.
The motors were weighed before and after firing to determine the amount of pro-
pellant expended. This, with a precise measure of the percentage by weight of

beryllium in the grain, provided an accurate measure of the source strength.

4. TRACER SAMPLING

Sampliiig techniques and sampling equipment were similar to those used in the
Green Glow, Ocean Breeze, and Dry Gulch diffusion programs. In fact, the basic
gsampling units used in Project Sand Storm were those which had been used previ-
ously at Vandenberg AFB and Cape Kennedy in supporting Projects Ocean Breeze
and Dry Gulch. The only significant change to the units was the addition of a
remote-control shutdown capability, a capability necessitated by the toxic nature

of the tracer.
The tracer material was collected on molecular membrane filters mounted

4.5 feet above the ground. Air, drawn through the filter, was metered at a constant

flow rate of 3.94 cubic feet per minute by means of a critical flow orifice mounted
in the filter head assembly. Aspiration was provided by a Gast, Model 2565V,
heavy-duty, vane-type vacuum pump driven by a Clinton, Series 290, Model TBA,

TR e o gn
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air-cooled, four-cycle, one-cylinder gasoline engine (Scoggins, 1962)* One en-
gine-pump assembly was required to aspirate each filter. Figures 1 and 2 show
sampling units with typical exposures.

Since the particle-size distribution of the tracer was not accurately known, it
was necessary to test the efficiency of the membrane filters to be sure that tracer
particles were not lost through the filter. The Gelman Type AM-1 fiiters, which
were used throughout the series of experiments, are rated virtually 100 percent
effective in retention of airborne particles of 1 micron diameter and greater.

-
. .
b
%

z

3 Wan

Figure 1. A Member of the Field Crew, Wearing
Protective Clathing and Respirator, is Manually
Starting One of the Sampling Units

*Scoggins, M. F, (1962) The field sampling grid, Chap. VI in Geophysic
Research Paper No, 73(I), Bedford, Mass,, 1962,
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Figure 2. A Sampling Unit With Typical Exposure is Shown, The
source point is located near the meteorological profile tower in
the background about 300 meters away

These filters were mounted side by side with another type of filter (Millipore
Type AA) similarly rated for particles 0. 1 micron diameter and greater.

Dual samples were collected at 30 sampling positions 200 and 300 meters from
the source. Of the 41 pairs of samples so obtained with tracer amounts equal
to or greater than 0. 5 microgram, no statistically significant difference could
be found in the exposures (.nass collected no-malized for sampling rate) for
the 2 types of filter. It was therefore assumed that the particle-size distribu-
tion was centered well above 1.0 micron and that the Gelman AM-1 filter was
adequate for the experiments.
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CUMULATIVE PERCENTAGE FREQUENCY OF OCCURRENCE

Figure 3. Distribution of the Ratios of Exposures Obtained From Two
Types of Filters Mounted Side by Side

Figure 3 shows the frequency distribution of the ratios of exposures ob-
tained from the Gelman AM-1 filter to those ob.ained from the Millipore AA
filter. The mean of the logarithms of the ratios is -0.0117, corresponding to
a ratio of 0.973. The standard deviation of the logarithms is 0.1202, corre-
sponding to a factor of 1.32. For comparative purposes, the straight line shown
in Figure 3 represents a log-normal distribution with a mean of zero and stand-
ard deviation of 0.1202.

In addition to providing information concerning the statistical significance
of the departure of the mean ratio from the assumed mean of 1.0, the distribu-
tion provides some insight into the reliability of the tracer techniques as
applied in the Sand Storm field test program. Since the dual samples were ob-
tained from independent sampling units (a separate engine, vacuum pump,
vacuum gauge, and critical-flow orifice were used to aspirate each filter), and the
amount of material on each filter was determined independently for each sam-
ple, the differences between amounts collected on filters mounted side by side
is an indication of the combined error initroduced by the sampling and assay tech-
niques. There i8 of course the implicit assumption that the two adjacent filters
were exposed to equal amounts of tracer material. The standard deviation of
0.1202 places the 90 percent confidence limits at a factor of 1.58; that is, meas-
ured exposures could be expected to be within the range 63 to 158 percent of an
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assumed true value 90 percent of the time. Obviously, this is an upper limit of
accuracy attained during the Sand Storm experiments. Systematic errors in
agsay techniques, such as a change in assay instrument calibration curves occur-
ring over a period of weeks, could cause measured values to depart from true

values by a slightly greater amount.

5. THE SAMPLING GRID

The tracer sampling units were arrayed on circular arcs concentric on the
firing point. As explained in the preceding chapter, during the first experiments
measurements of the arcwise distributions of tracer material were given a lower
priority than measurements of the axial distributions. Samplers were placed
along 10 arcs ranging from 100 to 2400 meters from the source. After a pre-
liminary analysis of 14 experiments, we found that: {1) a greater arcwise sam-
pler density was required to adequately define arcwise distributions, and (?) the
density of samplers in the downwind direction could be decreased without s.g-
nificantly degrading the quality of the experiments. The grid configuration was
tr~n modified to include six arcs with a greater arcwise sampler density, the total
number of sampling units remaining approximately the same. Originally the grid
was 90 degrees in width, extending from 17 through 107 degrees true azimuth
from the firing point. However, during the course of the experiments it became
apparent that wind directions were invariably such that the cloud was never carried
‘oward the northern boundary of the grid. The grid width was then reduced to the
72-degree sector, 035 to 107 degrees. Table 1 shows the various sampling grid
configurations.

The motors were fired from Pad C of AFRPIL.'s Test Area 1-16, which
was situated near the col of a gentle saddle in the terrain. The land sloped
gently downward from the firing point in both the upwind and downwind direc-
tions, and rose gently in both crosswind directions. The region upwind 8 miles
from the firing point and downwind over the entire diffusion grid was ratler
regular, sandy, desert floor sparsely covered with sage brush and dotted with
Joshua trees. See Figures 4 and 5. Figure 6 shows the general location and
layout of the sampling grid.
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Table 1. Send Storm Sampling Grid Configurations

Distance |Experiments No 1-14|Experiments No, 16-27|Experiments No, 28-44
Arc| From (179 to 107¢) X (179 to 107°) (35° to 1079)
No. | Source Sampler Sampler Sampler
(meters) Spaci ) p
pacing m Spacing m Spacing ®
) & 0 I ] I
1 dg ! $ g | § 5%
18] o, £ a. b
vl ° g |- ° g o ° g
& Meters |z & | & Meters |2 & & Meters |z &
1 100 4 6.98 23 - - 0 - - 0
2 150 4 10. 47 23 - - 0 - - 0
3 200 4 13.96 23 2 6.98 45 2 6.98 37
4 250 4 17,45 23 | - - 0 - - 0
5 300 3 15.71 31 - - 0 - - 0
6 400 3 20,94 31 2 13.96 46 2 13.96 37
1 600 3 31,42 3ttt 20,94 46 2 20.94 37
8 800 3 41, 89 31 1.5 20.94 61 1.5 20.94 49
9 1200 2 41.89 46 1.5 31.41 61 1.5 31.41 49
10 2400 1 41.89 91 | 1 41,89 91 1 41. 89 73
; | Totals |353 351 282

T e A - -
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Figure 4. Photograph of a Portion of the Sampling Grid. Access roads
along the first seven sampling arcs are visible. The sandy desert floor
on which the grid is located is sparsely covered with clumps of sage
brush and dotted with Joshua trees
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Figure 5. Havatack Butte Rises to a Height of About 400 Feet Above
the Desert Floor, Located about 1-1/2 miles southeast of the firing
pad, it is the nearest prominent terrain feature
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Figure 6. The General Configuration of the Sand Storm Sampling Grid,
Meteorological Ingtrument Locations, and Phoiotheodolite Camera Positions
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IV. Meteoroiogical Instrumentution

Francis H. Miller, Major®
Air Force Cambridge Research Laboratoriss

Primary metzorological support was provided by instruments mounted on ¢
204 -foot profile tower located 200 feet upwind from the rocket-motor firing pad.
The tower, manufactured by Upright Scaffolds, was an open-frame tubular-
aluminum structure, 4 by 6 feet in cross section, assembled from basic units
6 feet high. All wind sensors were mounted on retractable booms extending 12
feet from the tower in a direction perpendicular to the centerline of the tracer
sampling grid. The temperature sensors were mounted on 6-foot booms extending
in the opposite direction. Wind speed and directions were measured at 12, 50,
100, and 200 feet, wind azimuth and elevation angles at 18 and 150 feet, and
temperature differences between 6 and 50, 6 and 100, and 6 and 200 feet. All
data were recorded cn strip charts.

The requirement that winds be closeiy monitored prior to firing the motor and ?
during the pagsage of the cloud through the diffusicu course necessitated instaliing \\'
recorders in the central control blockhouse about 1/4 mile from the tower. %
Unfortunately, there was not sufficient space in the control room to allow in- '?
stallation of all the recorders, so only two were installed in the blockhouse; the E
remaining seven were installed in a shelter near the foot of the profile tower. %

*4th Weather Group, attached to AFCRL.
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Through a switching system, signals f: om uny of the four standard wind sets and
either of the two bivane se', could be selected for display on the recorders in the
blockhouse. In addition, the operation of the chart drive motors for all recorders
could be conirolled from the blockhouse.

The tower-mounted wind sets were standard Beckman and Whitley instruments
(Figure 1). The direction transmitters, Model 1565, were lightweight airfoil
vanes attached to a low-torque potentiometer. The wind speed transnitters,
Model 1564, were lightweight three-cup anemometers attached to a chopper disc
which produced a pulsed signal on a phototransiator. Signals from both trans-
mitters were fed to a multichannel translator, Model 1750, and then to a Texas
Instrumnent Company Rectiwriter dual-channel recorder. The manufacturers'
specifications indicate that: (i) over an B0-degree-azimuth range the combined
tolerai:ces produced a relative error of less than 1. 4 degrees, and (2} above

0. 65 knot the wind speea error was less than 1. 5 percent or 9. 15 knot, which-

Figure 1. Beckman and Whitley Wind Set Consisting of Lightweight Airfoil
Wind Vane and Three-Cup Anemometer

. kv.ﬂ
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ever was greater. Calibration checks and adjustments for zero and full scale

were performed »rior to each diffusion experiment.

i R RN

The bivane equipment wasg the standard Gelman-Gill rapid response instrument.

It consisied of a lightweight bidirectional vane connected to two potentiometers,
one for azimuth and one for elevation angle; a power supply translator; and a
Texas Instrument Company Rectiwriter dual-channel recorder. A relative

error of no more than 1. 2 degrees over a range of 80 degrees in both azimuth

and elevation was indicated for the gystem. Unfortunately the bivane sets were
not operating nntil »{ter the tenth experiment, and it was still later in the test
series before we were satisfied with the reliability of the data. For these reasons
the bivane data are incomplete.

A Sy P

1 P

Each of the temperature difference sets consisted of two Leeds and Northrup
copper thermohms, Model No. 8195, mounted in Climet Company aspirated
temperature shields, Model No. 0.6-1. The thermohms were connected into a
self-balancing bridge of a suitably modified Leeds and Northrup Speedomax H
recorder. The modification consisted of a variable resistance connected across

g
PR TN

one arm of the bridge to balance out inequalities in the resistances of the therm-
ohms and interconnecting cable leads. The range of the set wag -10°F to +20°F. |
System accuracy was better than £ 0. 3°F over the ambient temperature range of
-50°F to +150°F, System response time for 90 percent of a step temperature

kY
change was 40 seconds. This gslow response was selected to provide a smoothed é

recording of temperature difference so that mean values over the periods of {
intereat could be interpolated directly from the chart recerd. 3(
In addition to the meteorological instrumentation on the profile tower, three ‘
wind sets were positioned on the diffusion grid. These sets were basically s%
Belfort Type C wind sets which were modified by Control Equipment Corporation 5
to provide greater reliability of operation. The sets are battery powered and E
record on Egterline-Angus 20-pen operations recorders (see Figure 2). Their ”‘
use in Project Sand Storm was primarily to determine if there were systematic
differences between low-level winds recorded at the profile tower and those §

observed on the sampling grid. No differences were found.
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Figure 2. A Modified Belfort Type C Wind Set Consisting of Lightweight
Vane and Three-Cup Anemometer and an Esterline-Angus 20-Pin Opera-
tions Recorder. The sets are battery powered and were used in remote

locations of the test site
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V. The Tracer Assessment Technique

Einar J. Enwall
Air Force Rocket Propulsion Laboratory

1. GENERAL

Prior to beginning the diffusion experiments, several inethods of beryllium
assessment (Smythe and Whittem, 1961) were evaiuated to determine which was
best suited for the rcutine assay of tracer samples to be collected during the
experiments. It was predetermined that the tracer material would be collected
on molecular membrane filters that showed nc trace of beryllium. It was under-
stood that the samples would be highly contaminated; therefore, the chemical
analysis should be specific for beryllium. Operational considerations dictated that
the procedure be capable of handling about 400 samples per week on a continuing
bagis. Additionzal requirements were:
a. The detection threshold should be no greater than 0. 001 ug of Be
and the assay procedure adaptable to as much as 500 ug of Be on
the sample.

b. The root-mean-square error should be not greater than 5 percent on sam-
ples of 1. 0 ug or more, and no greater than 10 percent on samples of 0. 05
to 1.0 ug Be.

Spectrophotometric and colorimetric techniques were quickly eliminated from
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further consideration because of their inadequate : nsitivity and precision. A neu-
tron activation technique that was tested had the same deficiencies, but not to the
same extent; it would have been useful as a scanning device, had there not been
technical difficulties that were corrected too late for the technique to be of value in
the Sand Storm experiments. Emission spectrographic methods were not consid-
ered feasible because they proved to be too time-consurning for the highly contami-
nated samples.

The morin-fluorometric method (Sill et al, 1961), although a lengthy procedure
requiring considerable skill and care, was modified and adapted to provide the
required sensitivity and production volume while approaching the stated precision
requirements. When tested on samples ccntaining known amounts of beryllium,
the modified morin~-fluorometric method achieved the precision shown in Table 1.

Table 1. Precision of Morin-Fluorometric Method of Beryllium Determination

B Number o RMS Error
(ug) (ug) (%)
0.1 23 . 0139 13.9
0.5 23 . 0224 11.2
1.0 24 . 0851 8.5
5.0 21 . 3351 6.7

10.0 25 . 5852 5.9
20.0 22 1. 414 7.1
80.0 21 5.083 6.4

The fluorometric determination of beryllium using morin as a reagent has
been reported in great detail elsewhere {(Sill et al, 1961). Therefore, only the
briefest description is given here, followed by notes on the instrumentation and
procedures used for Project Sand Storm assays.

Beryllium reacts with morin (2', 4', 3, 5, 7 pentohydroxy flavoie) in an alka-
line solution to produce a compound that fluoresces when energized by ultraviolet
radiation. Interferences from fluorescent compounds of other metals, such as
lithium, scandium, zinc, calcium, and others, are eliminated by addition of a com-
plexing agent (EDTA), making the morin reaction nearly specific for beryllium.

A gecond interference is produced by elements such as copper, siiver, and manga-
nese which oxidize morin and destroy thie fluorescence. This is eliminated by sep-
arating insoluble beryllium hydroxide from the soluble oxidizers before morin is
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added. Silica is excluded as an interference by precipitation and filtration.

Particular attention was directed to factors affecting the pre«isior of measure-
ments. The temperature of the fluorescing compound was controlled to + 6. 1°C to
lessen the effect of changes in temperature on the intensity of fluorescence. A
buffer system was employed to stabilize alkalinity which also affects the intensity
of fluorescence. Other procedures were adopted so that the agsay technique
would be consistently reliable and more efficient when applied to a large nrumber
of samples. Still other procedures were adopted to allow the technique to be
applied by personnel with varying degrees of skill in laboratory methods.

A special laboratory with all the equipment necessary for beryllium assays
was set aside in AFRPL's Laboratory Services Divigion and was staffed with four
technicians. After a few weeks the laboratory could handle some 80 to 100 samples
daily. Its operations were continuously monitored during the entire course of the
diffusion program. Every reasongble precaution was taken to prevent contamina-
tion of glassware. Instrument calibrations were frequently checked. Reagent
solutions were meticulously prepared with best grade chemicals. In short, every
effort was made to insure that laboratory standards were maintained at a peak
level.

2. OUTLINE OF THE ASSAY PROCFDURE

This section is devoted to a descriptive outline of the laboratory procedure
used for determining the amount of beryllium in Sand Storm tracer samples. :
Instrumentation, reagents, and laboratory methods differ somewhat from any g
previously reported work on beryllium determinations, but the procedure closely
parallels the morin-fluorometric method reported by Sill et al (1961),

ot

2.1 Instrumentation

A Turner fluorometer Model No. 111 with General Electric mercury lamp :
No. F4T4/BL was used. The major emission waa at 360 mu. Filters used in the §
fluorometer were Wratten (2 in. x 2 in.) numbers 2A, 47B, 2A-12, 58, 1-60, and "5“

2 ND. The cuvettes were 12 x 75 mm round pyrex tubes.

2.2 Reagents

Phenol Red. Dilute 0.1 g of the sodium salt of phenoleulphothalein, certified
A.C.S. grade, to 250 n:]l with distilled water. o
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Morin Solution, 0. 008 percent. Dissolve 8 mg of morin (purchasable from
L. Light Co., Ltd., Pyle Estate, Colabrook Near Slugh Bucks, England; imported
by Leonard Elion, Ph. D., 2 Concord Avenue, Larchmont, New York) in 250 rzl of
absolute ethyl alcohol. Dilute to 1000 ml with distilled water. Mix. Store in
actinic bottle.

Ammonium Chloride Solution, 25 percent. Add 250 g of A.R. grade ammo-
nium chloride to 750 m! of distilled water.

EDTA and TEA Soluticn. Place 5 g of A.R. grade (ethylene dinitrilo) tetra
acetic acid, disodium salt, and 2 g of refined 2, 2' 2" nitrilo triethanol in 100-ml
volumetric flask and dilute to volume with distilled water.

Buffer Solution. 156 g of A.R. grade sodium hydroxide, 63 g A. R. grade
citric acid, and 37 g A.R. grade boric acid. Make up to 2 liters with distilled
water.

Aluminum Nitrate Solution, 0.05 M, Dissolve 37.5 g of Al (NO:‘,’)3 *9H,0 A.R.
grade in 200 ml of distilled water and make up to 2000 ml,

Beryllium Sulfate Solution, 1 ug Be/ml. Dissolve 0.9820 g BeSO4 . 4H20,
purified, Fisher Scientific Co., in 10 ml of concentrated sulfuric acid. Heat if
necessary. Cool. Transfer solution to 1000-ml volumetric flask containing 200
ml of distilled water. Dilute to volume. Mix. Take 10 ml of this solution and
dilute to 500 ml, using 0.1 N sulfuric acid as diluent.

Beryllium Sulfate Solution, 0.1 ug Be/ml. Pipette 10 ml of 1 ug Be/ml into
a 100-ml volumetric flagk. Dilute to volume with 0.1 N sulfuric acid.

2.3 Procedure

Place filter in 125-ml narrow-neck Erlenmeyer flagsk. (Use hood.) Wet filter
paper with 1 ml of concentrated sulfuric acid. Heat filter until it chars. Cool.
Add 10 ml of concentrated nitric acid. Place flask on hot plate that is hot enough
to vaporize the sulfuric acid. Heat to dense fumes. Cool. If solution is a yellow
to brown color, add 10 ml more of concentrated nitric acid. Add a smsall amount
of potagsium perchlorate (0.2 to 0.4 g). Heat until solution becomes colorless and
volume of solution is approximately 1 ml. Cool. Dilute golution with 10 ml of
water. Filter golution through No. 40 Whatman paper into a 100-ml volumetric
flagk. Dilute to volume and mix.

Pipette a suitable aliquot (not over 10 ml) into a 15-ml centrifuge tube. Add
1 ml of 25 percent ammonium chloride solution, 1 ml of 0. 05 M aluminum nitrate
solution, and two drops of phenol red indicator. Mix. Neutralize solution with 1:3
ammonium hydroxide solution to red color. Dilute to 10 ml and mix. Centrifuge at
1200 x gravity for 15 minutes, or sufficient time and speed, to nrompact beryllium
and aluminum hydroxides at bottom of centrifuge tube., Discard filtrate. Add two

WL = v, . ———
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drops of phenol red solution to the centrifuge tube. Acidify contents of centrifuge
tube with 0, 05 N sulfuric acid. A:ld 0.5 N sulfuric acid. Add 0.5 ml of EDTA and
TEA solution. Neutralize with buff¢r selution. Add 2 ml more of buffer solution
and mix. Centrifuge at 1200 x g.-avity for 5 minutes. If a precipitate is presern.,
decant the solution to clean cenirifuge tube. Place tube in water bath maintained at
25 10, 1°C. When sample temoerature is 25°C, add 1 ml of morin &nlution. Mix
anu transfer solution to a cuvette and place cuvette in fTuorcmeter. Set the fluoro-
meter slit opening, and place suitable filters in primary and seconcary position, as
called for in curves No. 1, 2, or 3, to obtain readings on {lucrometer previously
zeroed against a reagent blank. The reagent blank is prepared the same way as
the sample. Obtain the beryllium content from standardization curves.

2.4 Standardizstion

Three calibration curves are prepared.
Curve No. 1 for 0 to 0. 08 ug Be

Place millipore filters in fourteen 100-ml narrow-mouthed Erlenmeyer flasks.
With a microburet, transfer volumes of 0.1 ug Be/ml solution to the flasks to give
the following concentrations: 0, 0.005, 0.01, 0.02, 0.03, 0.05, and 0. 07 ug Be.
Treat these standards in the same way as the samples. Set glit at 3 X. Place
filters 2A and 47B in the primary position, and filters 58 and 2A-12 in the second-
ary position. Adjust fluorometer to zero on 0 ug Be sample. Obtain fluorometer
readings on each standard. Plot straight-line curve of amount of Be versus
fluorometer readings.
Curve No. 2 for 0 to 0.7 ug Be

Place millipore tilters in fourteen 100-ml narrow-mouthed Erlenmeyer flasks.
Transfer to the flasks,by means of a microburet, volumes of 0.10 ug Be/ml solu-
tion to give the foilowing concentrations: 0, 0.05, 0.1, 0.2, 0.3, 0.5, and 0.7 ug
Be. Treat these standards in the same way as the samples. Set glit at 1 X. Place
filters 2A and 47B in the primary position and filters 2A-12, 58, and 1-60 in the
secondary position. Adjust fluorometer to zero on the 0.0 ug Be aample. Obtain
fluorometer readings on standards. Set up a straight-line curve based on amount
of Be versus fluorometer readings.
Curve No. 3 for 0.7 to 5 ug Be

This curve is prepared in the same manner as curves 1 and 2, except that it
is non-linear. The slit is set at 10 X. The primary filters are 2A and 17B, ard
the secondary filters are 58 and 2ND. The curve is used to obtain an approximate
beryllium concentration in samples containing large amounta of beryllium, so that
an appropriate dilution factor can be made for subsequent agsays using curve 2.
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VI. Meteorologica! Data Reduction and
Procescing

Robert L. Noblin, Clayton E. Grakam
snd Wikam E. Mayer
Air Force Rocket Propulsion Laboratory

Personne! of the Air Force Rocket Propulsion Laboratory reduced and
proce 3ged the wind data obtained from the Sand Storm profile tower. Wind
azimuth-angie measurements made at four tower levels and wind elevation-angle
measurements made at two levels were recorded on strip charts at a chart speed
of 6 inches per minute for 40-minute periods during each experiment. These
analog recrrds were reduced tc 1-second digital values using a Benson-Lehner
"Oscar J'" chart reader that re-recorded the information on purched cards. Each
40-minute record wag reduced to digital form but, in general, only the {irst 10
minutes of each record was processed in the computer routines, Occasionally,
however, more than 10 minutes of record was required to adequately Jefine the
spectral curve. In these cases the entire 10-miaute record was processed.

Two separate computer routines were used to process the digitized wind data.
Although one expanded progiam could have provided the desired information, it
was more eccnomical to use two independent programs, each designed to satisfy
a gpecific raquireraent.

The first and by far the simpler of the two programs, the one whose results
were uged o estimate the shape cf the apectral curve, provided calculations of the
amount of energyv contained in various regions of the low-f-equency end of the
one-dimensional turbulent energy spectrum. Elimin. ion of the energy contributed
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by high-frequency {small} eddies was achieved by averaging data points continu-
ously over overlapping intervals of length s before ccmputing the variance of wind
fluctuations, This is equivalent (in electrical terms) to low-pass filtering, The
shape and efficiency of this filter and its application in turbulent diffusion analyses
are discursed by Smith {(1962) and Pasquill (1362),

The irput data for tne low-pass iilter program were the 1-second Jdigitized
values of wind data:

A; r=1,2,3,¢+, n,
r
For each smeothing intervai, s, of the group:

~m-1
< ;

s = m=1223,+-, 10,

A set of averaged data peints was found from:
s+i-1
. I S ..
(As)i - s L AJ-? ] = 11 2. 31 s ns
j=i

where the number of averaged data poiats in the record ¢f length n is:
n_=n-s+1,
s

The variances are:

n _n 2
s _ s }
) (R? - i([ ‘Ks’lj
UZ(AS) .zl a ‘-Ii=1

The second computer program was used to determine the amount of energy
contained in various bands of the turbulent energy spectra. The high-frequency
erergy was oliminated in exactly the same way as in the case of low-pass filtering;
that is, the record was smoothed by averaging datua points, Low-freguency energy
was eliminated by limiting the interval over which the variances were computed,
In practice this was accomplished b, sampling the smoothed reccrd over cverlap-
ping intervals of length T corresponding te a frequency below which energy is to

be excluded. The variance was ~omputed for each sampling interval, T, in tne
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period of record, and these variances were averaged. The average was taken as
a measure of the energy contributed by periods greater than 2,25 T and less than
2,25 times s (Pasquill, 1962).

As in the previous example, the input data were l-second samples takein over

the period of record:

Ar; r=1,2,3,**+ n,

The smoothing intervals were:

g = 2m-1A

m=1,223,4,5,
and the sampling intervals:
m+3,

T=2 ; m=1,2,3,4,5,6.,

The sets of averaged data points for the various combinations of T and s are:

s+i-1 for k=1,2,3,°--, .
Gn =2 Y Ay
T,s'y s ¥
’ j=i and i = k, k+1, k+2,---, T-sg+k,

where the number of sempling intervals, T, in the period of record is:

n.,=n-T+1,

T

This process results in nr(= T-s+1) values of (A, S) in an interval of
lengih T. The variances of the (RT g) values are:

T-s+k [T-srk 2
1 =y
Z (AT' S)k, i Dy E-' Ar,s k, i
2(A ) = i=k i=k 4
g8 g7 n -1 y
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Averaging the Ry variances over the entire record:

T-8tk TT-8+k 12.
- 1 ' -
ng Z By “n| 2, Brdy s
otla, ) =L Z 1=k i=k
T, 8 np n_ -1 } :
k=1 = r

The 29 nortrivial values of 02 (AT, s) for the combinations of s=1, 2, 4, 8, 16
and T =16,32, 64, 128, 255,512 represent the intensity of turbulence in various
portions of the one-dimensional energy spectrum, These values are shownr in
Appendix C for azimuth data taken at four levels during each of the Sand Storm
experimenis, Because of incomplete data and instrument difficulties experienced
with the bivanes, similar computations for elevation angles are not includcd.
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VIl. An Operations-Oriented Analysis

John H. Taylor, Lt. Colonel
Air Force Cambridge Research Laboratories

1. INTRODUCTION

The objective of this chapter is to present an analysis that was directed
toward obtaining an operationally useful solution for the specific problem facing
AFRPL test range officials —namely, the ability to estimate the toxicological

hazard associated with open-air firings of small, solid propellant rocket motors

whose exhaust products are highly toxic. Except for the specific problem at hand,

no attempt was made to evaluate theoretical works or to advance the knowledge of
diffusion from instantaneous sources; such investigations are left for further
analyses where the Sand Storm data may prove useful.

Before beginning the discussion of the analysis, it might be well to define,
at least in an intuitive senge, what we mean by diffusion since it can be viewed in
several ways. For example, a diffusing puff embedded in an air current i{s subject
to the variations in speed and direction of the current and will be cbserved to take
a meundering, undulating trajectory if viewed from a fixed frame of reference.
If vieweld from a reference point moving with the cloud, only the growth and
dilution of the puff will be observed. When one thinks of diffusion it is ordinarily

only the latter process that is considered, and theoretical and experimental work

has been limited largely to this concept of diffusion. It is obvious, however, that
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inhalation-level dosages are io some degree influenced by both the rate of growth
of the puff and the height of its center of mass relative to the plane in which dosage
observations are made. In the case of a plume, time-averaging virtually
eliminates the effect of instantaneous displacements of the plume above or below
the time-mean axis. This obviously is not so for a puff. Irregularities in the
downwind distribution of dosages are to be expected. However, prior to the
Sand Storm experiments it was not known to what extent those influences would
be exhibited. If the irregularities caused by variations in the height of the puff
above the sampling grid were small compared with tracer dilution rates, an
estimating equation could be developed in a form suggested by traditional
theoretical work. If they were not, some other approach would have to be taken.

It will be shown in the following discussion that downwind distributions were
quite irregular and that the influence of the irregularities was sufficiently strong
to severely limit the ability of measurable meteorological parameters to explain
the variance of dilution rates observed near the surface. This precluded the
development of an operationally useful estimating equation relating downwind
dosages to meteorological parameters. In the final analysis, inhalation-level
dosages are related by means of probability statements to distances from the
source.

2. GENERAL CONSIDERATIONS

The concentration of a pollutant cloud with Gaussian distribution released as
an instantaneous point source was shown by Pasquill (1962) to be:

2 2 2

X y z
X (xy. zt) = 3,2Q exp [-1/2( 5 + 5 + 3 )]
(2¢) oxc'yaz x

where:

x = the concentration at time t found at distance x in the direction of
travel, at lateral distance y and vertical distance z, relative to
the center of the puff,

Q * the amount of nollutant released, and

T oy. and o, * the standard deviations of the material about the mean.
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If the material is transported with a speed u = 3:—, the dosage, E = fxdt,
can be shown to be: o
2 22
E= oo g %P '1/2(12 + -r)
y oz a o
y z
and at a given downwind distance the ground-level point passed by the center of
the puff receives a dosage:
E = — = , (1)
p ay o, u

From theoretical considerationa of turbulent flow, which incorporate several

assumptions that are only approximated in the real atmosphere, Smith and Hay(1961)
show that for a puff:

ay «< 02(8))(

and

0o, 02(¢)X

where 02 () and 02 (¢) are the variances of the azimuth and inclination angles,
respectively, of wind fluctuations and X is the distance from the source,
Equation (1) then becomes: '

®p, k
Q oot xa

{2)

where k is a constant of proportionality.

The equation suggests that with a knowledge of the variance of wir.. direction
fluctuations and of the mean wind speed we could predict the peak dosage,
normalized for source strength, as a function of downwind distance, One of the
first problems that arises is selecting the values for 02 (0) and 02 (4). inasmuch
as it ia possible to obtain any number of values of variance from a single wind

e v e e S SRR <o RN

DRUR N

g

-

i s i Mg A e e g




-

O e Rt o et g

38

record simply by changing the range of frequencies over which the variances
are computed.

Consider the puff that grows in size under the influence of turbulent diffusion.
As the puff grows, larger eddies become more and more effective in distributing
the material, while smaller eddies become less important. Therefore, for a
given cloud size there exists a range of eddy sizes which is important in diffusing
the cloud. Eddies much larger merely move the cloud in an irregular trajectory
(horizontal and vertical) ag it travels downwind; eddies much smaller ineffectively
nibble at the edges of the cloud. However, feor an initially small cloud that even-
tually grows large, all eddies up to those cumparable in size to the dimensions
of the large cloud play a role in distributing the material. Therefore, it is to be
expected that the range of eddy sizes effective in diffusing initially small puffs
extends over the high~-frequency end of the energy spectrum. The problem is to
determine which portion of the turbulent energy spectrum it is that contains the
productive eddies. To do so in a deterministic manner is virtually impossible
when it is remembered that wind observations taken at a point fixed in space do
not adequately define the energy spectrum as observed from a frame of reference
traveling with the cloud, the one which is the more relevant in the diffusion of
puffs. The shapes of the spectra may be similar, but there is a relative dis-
placement of the spectrum observed from the fixed point toward higher
frequencies. The magnitude of this digsplacement has for some time been a
matter of conjecture. Indeed, whether it is a constant or a function of meteoro-
logical parameters has not bren settled. In this analysis we shall not attempt
an investigation of those problems. Rather, we shall content ourselves with
determining, empirically, the range of eddy sizes (frequencies) which is effective
in diffusing puffs of the size and character under consideration,

By wppi,.ng various smoothing intervals, s, to serially recorded wind data
(that is, averaging the recorded values over time intervals of length s) before
computing the variance of wind direction fluctuations, the energy contributed
by high-frequency (small) eddies can be eliminated. This is commonly re-
ferred to as low-pass filtering. By limiting the period of record over which
the variance is taken, the energy contributed by low-frequency (large) eddies
can be elim nated. In practice the period of record is not necessarily restricted,
but a number of variances are computed, each for a sampling interval of length
T. The average of these variances taken over the entire period of record is
given as a measure of the energy in the high-frequency end of the spectrum.

This is in effect high-pass filtering. Both filters can be applied in computing
the variance, thus obtaining the energy within a band of frequencies. The
technique used in applying the filters to the Sand Storm wind data is descrioed

R




39

in Chapter VI

Assuming that the material within the cloud is distributed normally, the
stzndard deviation of the material observed at inhalation-level is the same as
would be observed at any other height. Therefore, for a puff whose center may
rise and fall as it is carried downwind, thus causing irregularities in the down-
wind distribution of ground-level dosages, the most coherent measure of the
puff's growth is not the rate of change of magnitude of observed dosages but the
change of lateral distributions.

Smith and Hay (1961) hypothesized that the growth rate, Aoy/AX, of the

initially small puff is approximately constant and proportional to the energy
contained in the high-frequency end of the turbulent-energy spectrum. This
raises several questions. Is the puff generated by firing a rocket motor "initially
small"'? What is the appropriate portion of the turbulent-energy spectrum?

For purposes of this investigation, "initially small" means that the initial
dimensions of the puff are small when compared with eddies containing significant
amounts of energy. By convention (Smith and Hay, 1961) we will define a small
puff as one whose initial standard deviation, Oys is less than one-tenth the
length-scale of turbulence as estimated by the formula (Pasquill, 1962):

£o - ”L:lmax
where £ () = length-scale based on wind-azimuth fluctuations,
u = mean wind speed,
andn_ = the frequency at which nG(n) is maxjmum

on the curve of 2
nG(n) versus log n. o ") = nG(n) d log n.
o

Figure 1 shows plots of nG(n) vs. log n for wind-azimuth fluctuations at three

heights taken during a 20-minute wind run during Experiment No. 14. Here N ax

occurs at about 5 x 10~3 cycles per second at all levels. The 12- {oot mean-wind
speed was 5.3 meters per second, giving a length-scale of 84, B meters.
Examination of oy values at 100 meters from the source and phototheodolite data
correlated with motor size provided an estimate of Oyq the initial standard
deviation of the cloud. For Experiment No. 14, oy, Was estimated to be 4.6
meters. By definition the cloud is imtially sm...
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Figure 1, One-Dimensional Turbulent Energy snecirum Computed for Three Levels
of Wind-Azimuth Observations Taken Muring Experiment N¢ 14, Computations were
based on 20 minutes of data reduced to 1-second readings

The length-scale for each experiment was vompared with estimates of
Oy It was found that with one exception (Experimeit No. 13} the tests
produced "initially small" clouds.

: 2.
To determine which measure of tne turbulent energy, o {9¥T 5 was bhest
8) T, 5,

correlated with the rate of growth of the trucer cloud, Ao\_lAX , correlation
coefficients between the two were computed, For each experiment, 87 values of
ol ¢ (T =16, 32, 63, 128, 256, 512 seconds and s = 1, 2, 4, 8, 18

seconds) were computed, using the azimuth data recorded by the Beckman-Whitley
wind sets. Not all of the measurements f o could be considered valid for
various reasons, the chief one being {7t an insufficient number «.f samples was
exposed to significant amounts of tracer materiai. A substantial pumber
measurements were eliminated, even when the criterion for selection aas relaxed
to the point that: (1) an acceptable distribution be def‘ned by 3 samples having

0.5 micregram or more of the tracer and (2} the pvak e at least 10 tines s

&
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great, After eliminating unreliable measurements, bacea on these criteria, there
were 32 experiments for which Aay/ AX could be -omputed for the distance interval
200 to 400 meters, 24 experimer.: for the interval 200 to 1200 meters, 14 experi-
ments for the 200- to 2400-mete;: interval, and 14 for the 1200- to 2400-meter intervai.

The matrices of coicelation coefficients obtained by comparing four measure-
ments of Aoy/ AX with 87 measurement of 02 (5 )T, g Per ext ‘riment are shown in
Table 1, There are four obs:rvations which immediat: ly suggest themselves, Firet,
the 12-foot wind record provides the besi correlations, Second, there is little, if
any, advantage gained by smoothing the wind record. This is in accord with the
intuitively drawn conclusion that for initi lly small clouds all eddies in the high-
frequency end of the spectrum are effective in the distribution of the material. Third,
examining only the 12-foot level, there is a trend for the maximum value of the cor-
relation coefficient to occur at greater sampling intervals, T, as the travel distance
{ans cloud-size) is extended. This is shown graphically in Figure 2, and is in accord
with our intuitive reasoning that larger eddies begin more and more to exert their
influence as ihe cloud grows in size, Fourth, it appears that over the range of travel
distances involved there would be but little error introduced if T were selected as
128 weconds and s as 1 second,

One more comment needs to be made about the values of the correlation
coefficients in Table 1, Examining only *he 12-fsot-level correlation coefficients,
one notes for s = 1 that the highest vaiue fur the distance increment 200 to 40C meters
is 0.39; for the increment 200 to 1200 meters it ir 0,90; for 200 to 2400 meters it is
0.84; and for 1200 0 240C meters it is 0.87. None of these values is significantly
different, statisticaily, from a true corrzlation coefficient of, say, 0.87. Therefore,
it is probably not valid io conclude that the correlation decreases with increasing
distance,

It was not possible to make a comparison of o _fAX with measured values
of oz(é)T' s since no measurements of the vertical Jistribution of the tracer were
made. However, since all the experiments were conducted und: r thermally unstable
conditions, it is8 rcasonable to suppese that the vertical rate of g. owth was positively
correlated with the lateral rate of growth., It should then be possible to use mcas-
ured values of 0° () and u to develop an estimating equation similar to Eq.(1) for

obtaining expected values of Ep}‘Q.
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Figure 2. Correlation Coefficients Between Rate of Cloud Growth and the Intensity
of Turbulence for Various Travel Distances as a Function of the Sampling Interval,
The rates of growth, Ao /AX, are for travel distances 200 to 400 meters, 200 to

1200 meters, 200 to 2400 xneterb and 1200 to 2400 meters. N is the number of ex-
periments for which the correlation coefficients could be computed
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3. REGRESSION ANALYSIS

A multiple-regression analysis was carried out using an estimating
equation of the form:

E (o
P2 %6 @ ad (3)
128, 1

Q

E
where "QR = the peak dosage normalized for source strength,
X = distance from the source,
02 (9)128 1 = variance of wind direction fluctuations with 1-second

smoothing interval and 128-second sampling interval,
u = mean wind speed, and
a, b, ¢, and d are the coefficients of the estimating equation.

This form is suggested by Eq (2) but allows for empirical determination of the
estimating equation coefficients, a desirable feature since many simplifying
assumptions implicit in Eq (2) are not met in this series of experiments.

The equation is designed to estimate the downwind distribution of E_/Q in
that region which is not influenced to a significant degree by the effective heigut of
the source, that is, in a regicn that is distant enough from the source go that the
inhalation-level dosages resulting from the esilevated source are substantially the
same as would be observed from a ground-level source. Examination of down-
wind distributions of Ep for individual experimeats indinated that this region on
occasion did not include measurements taken within 300 nmeters of the source.
Therefore, the regression analysis was performed on data coliected on the five
arcs from 400 meters to 2400 meters from the source. Data for the 38 experi-
ments for which we have reliable measuremenis of E_ at all 5 travel distances
are included. The regression analysis yielded:

E R ‘530 — -.25G0
Q '

.
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E
where % = peak dosage normalized for source strength in units of
seconds per cubic meter,

X = downwind distance in meters,

2
¢ (9)128, 1 = variance of wind-direction fluctuations (with smoothLing intervals
of 1 second and sampling inter al of 128 seconds) in units of
degrees squared, and

=l
"

mean wind speed in units of meters per second.

The analysis also saows that there is very little reduction of variance
contributed by U, This is not surprising since it was noted that: (1} u is not
well correlated with EP/Q, and (2) there is a high correlation between U and
02(6). {See Table 2.) Nothing is lost in the way of prediction accuracy when u
is eliminated from the equation. It then becomes:

E

52=1'25 x“l'sg[o2 ) ]—'415

128,1

where the variables and units are the same as in Eq {4).

Table 2. Correlation Coefficients Between the Logarithms of
Variables in Equations (4), (5), and (6)

log X log 02(9)128,1 logu
lo EE -0.67 -0.21 0.14
g
Q
log 0'6 (9)128 1 -0, 80

Again, Table 2 shows that 02(6) is not well correlated with Ep/Q. The precision
gained by its inclusion in the estimating equation is insignificant. When it is

eliminated, the equation becomes:

E

—& = s xS (6)

w&t’.‘}%ﬁ"ft‘?jﬂi&?&"”" e e
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It can be seen from Table 3, which shows several measures of the accuracy
of estimate of Eqs. {4), (5), and (6), that there is really nothing to be gained by the

inclusion of the meteorological parameters.

The multiple correlation coefficients

between logarithms of the observed values of the dependent and independent vari-

ables are shown in the second column of Table 3.

They are shown here for the reader

who is accoustomed to using them as a measure of the precision of an estimating

equation, However, the multiple correlation coefficient is not as meaningful a

measure as those shown in the remaining columns, because we wish to know the
accuracy of estimate of E /Q not the logarithm of E /Q The third column shows

the reduction of variance ach1eved by regression equatlons containing the various

combinations of independent variables,

It can be seen that the reduction of variance,

while statistically significant, is not high, and that little improvement is realized by

Table 3, Efficiency of Equations (4), (5), and (6)
Percent Percent
Multiple correlation reduction | reduction
coefficient for log Percent within a within a
. E estimated | factor of 2 | factor of 4
Independent variables of variance™ of observed | of observed
and log of independent EP }EP
variables Q Q
X .67 24 45 83
2
Xando (9)128, 1 .70 31 54 82
2
X, 0%(6)y55 4 .70 31 53 81
and u

* Percent reduction of variance =100

the introduction of metecrological parameters,

) &)
3

(@- @)

Here again, this standard

measure of the accuracy of the estimating equation has a serious deficiency when
applied to data such as these which extend over several orders of magnitude. It

tends to weight too heavily the larger values

, in this case Ep/Q values measured
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close to the source, at the expense of the lower values, or those at the most
distant arcs. Another ''yardstick' for measuring the accuracy of the prediction
equations is the percentage of estimated values which are within a given range of
the obgerved values. In this particular case we have chosen factors of 2 ans

4 for two different ranges. The fourth column of Table 3 shows that a slight, but
not statistically significant, gain is shown by the inclusion of 02(0), when the
percentage within a factor of 2 is used as the measure of prediction accuracy.
No improvement in accuracy is shown when the factor of 4 is the measurement
criterion.

It is not particularly surprising that the accuracy of the estimating equation
is so low, even when tested on dependent data. The reason ig that the behavior
of a diffusing puff is very erratic, subject to low-frequency lifting and descending ;
motions. A close examination of a few of the experiments will illustrate the
erratic behavior and will show the futility of attempting to develop concise,
accurate, quantitative gtatements of inhalation-level dcsages resulting from
diffusing puffs of the character under consideration here.

Figure 3 shows, for three experiments, the downwind distribution of peak
dosages normalized for source strength. Fach experiment was conducted under
thermally unstable and relatively strong wind conditions, yet the downwind dis-
tributions are decidedly different., There is nothing in the meteorological statisti-s
of the three to suggest that one should be any different from the other. Yet we see
in one case, Experiment 23, a much greater decrease of dosage than would be
expected after the puff has traversed about 1/3 the length of the sampling grid.

In another, Experiment 31, the observed dilution rate is much less than would

be expected. In Experiment 19 the dosages actually increase with distance over i
the outer half of the grid. The normalized arcwise integrated dosages shown in :
Figure 4 for the same experiments have similar downwind distributions. It is not
likely that any prediction scheme based on measured meteorological parameters
will ~.ver be able to explain these anomalies. Unlegs they are adequately defined
by meteorological measurements, there is little chance that inhalation-level
dosages, observed under conditions prevailing for the Sand Storm experiments,
can be predicted except on a statistical basis with but little reduction of variance
gained through the use of meteorological measurements.




48

§

23

J
S
53 ¢i‘

1200

DISTANCE FROM SOURCE (meters)
8

- N
600 ] TN
~
400 g e L
-~ N 3 41
200 ' J— N \\ﬁ
T
o
!
s 4 7 o ¢ 2 3 4 7 o8 2 3 4 7 o F
.E_(iw_)
Q m3

Figure 3. Downwind Distribution of Peak Dosages Normalized for Scurce Strength for
Three Sand Storm Experiments Conducted Under Similar Meteorological Conditions

It should be reca’led that all the Sand Storm experiments were conducied
under thermally unstable conditions, which tends to limit the range of meteoro-
logical parameters. This is perhaps a partial explanation of the low correlations
between the meteorological parameters and EP/Q' Had tests also been conducted
at night when thermally stable conditions prevailed, a greater range of meteoro-
logical parameters would have been observed., Correlations witb Ep/Q most likely
would have been greater, yielding a greater reduction of variance. Even then it is
doubtful that operational applications of estimating equations could be made without
regorting to some form of probability statement.
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NORMALIZED ARCWISE INTEGRATED EXPOSURE (sec/m?)

Figure 4. Downwind Distributions of Arcwise Integrated Dosages
Normalized for Source Strength for Three Sand Storm Experiments
Conducted Under Similar Meteorological Conditions

4. PROBABILITY ANALYSIS

Since most of the explained variance has been shown to be a function of
distance from the source, we will develop a scheme for relating peak downwind
exposures to travel distance as a function of probability of occurrence, No
meteorological measurements are required, except to establish that thermally
unstable conditions prevail over the region that the cloud is to travel and that a
inean wind speed of at least 6 knots exists over the area (the general conditions
prevailing during Sand Storm experiments),

Figure 5 shows a plot of Ep/Q vs. downwind distance for the 38 experiments

for which we had reliable measurements of the peak dosage at all 5 of the outer-
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Figure 5. Normalized Peak Dosages Plotted az a Function of Distance
for 38 Sand Storm Experiments. The lowest three values ot the 2400-
meter arc have been omitted. Those were for Experiment Nos, 18, 34,
and 49 in which the amoun of tracer collected was so low { < 0.5
microgram) that an accurate assay was not possible. The curves,
P=.50, P=.75, P =.90, and P = .95 represent the probabilities
(0.50, 0.75, 0.90, and 0,95, respectively) of not exceeding the indi-
cated values

2 orders of magnitude at each travel distance. At each travel distance they appear
to have a distribution not unlike the Gaussian when only the upper 70 percent of EP/Q
values are examined. Figure 6 shows, for the 800-meter arc, a plot on proba-
bility paper of Ep/’Q values vs. the cumulative percentage of occurrence. The more
closely the points are collinear the more closely the distribution approaches the
Gaussian form. Fitting a straight line to the points yields a mean and a standard
deviation for the Gaussian distribution approximated by the points. This was done
by the method of least squares for all EP/Q values exceeding the 30th percentile at
each of the five travel distances. Regression analysis was then used to relate the
computed mean and standard deviation to distance from the source, thus allowing
the computation of regression lines relating Ep/Q to downwind distances for various
probabilities of occurrence.

The regression line representing the 50th percentile was found to be:

__E> - 11ex 150 (7)
<Q 50
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Figure 6. Distribution of Measured Values of E /Q
at a Distance of 800 Meters from the Source

mere (52,

the 50th percentile value of Ep/Q in units of seconds

per cubic meter (Gaussian distribution assumed),

and X the distance from the source in units of meters.

The standard deviation of the distribution of Ep/Q values, also a function of down-

wind travel distance, was found to be:

os26 X134 8

()

the standard deviation of E /Q values about their mean,

where 0( E‘&)

in units of seconds per cubic meter,

and X = distance from the source in meters.
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The curves in Figure 5 represent the 0. 50, 0.75, 0.90, and 0.95 probability
levelz. This, of course, is no more than a quantitative degcription of the distri-
buticn of normalized peak dosages for the ensembtie of Sand Storm diffusion
experiments. However, 1t provides a simple procedure for evaluating the potential
hazard associated with firing rocket motors of the type under consideration during
thermally unstable atmospheric conditions.
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Appendix A

Dosage and Source Data

This appendix consists of three tables, Table Al presents normalized dosage
data for all valid Sand Storm experiments and a limited amount of meteorological
data, Table A2 contains explanatory notes supplementing information shown in
Table Al, Table A3 presents information concerning the tracer source,

In the heading of each tabulation in Table Al, U-BAR is the wind speed taken
at 12 feet on the profile tower and averaged over a 10-minute period beginning
3 minutes before motor firing, DELTA T [1], DELTA T (2], and DELTA T {3)
are the temperature differences between 6 feet and 50, 100, and 200 feet respectively,

A negative value indicates a temperature decrease with height, thus an "unstable"
condition, Also given in the headings are arc numbers and the distance in meters
of the arc from the source. Azimuths are degrees (true) from the source point,

Values shown in the body of the tabulations are dosage values normalized for source

strength (sometimes referred to as normalized exposures) in units of 10-6 seconds -
per cubic meter, These values are derived by dividing the amount of tracer material
collected at each sampling position by the aspiration rate of the sampling unit and by

the amount of tracer released, Starred values indicate that there is some doubt as to
the exact value shown, and a brief note explaining the circumstances of each starred
dosage value is given in Table A2, At the foot of each tabulation in Table Al the
arcwise standard deviation is shown in degrees (SIGMA DEG:) and in meters (SIGMA M:)
for all arcs with at least five significant measurements (that is, with five dosage




A2

measurements equal to or greater than 0. 5ug Be) and a peak value of at least
S5ug Be. For A.c 10 the peak dosage requirement was relaxed to 2.5ug Be.
Table A3 give information ¢n motor size and firing duration. The times

shown are for ballistic burn time which does not include a fraction of a second

at the beginuing and end of the firing sequence.

e




Table A1,

Normalized Dosage Data

A3

SAND STURM HO, 02

DATE

NORMALIZED UOSAGES

27 +iAR 1963

TIME

ARC HO:
DISTM]

AZIMUTH
L5

57 1

bl 3

S1GiA
UEG:

[

i130

1

¢ 100

2.32

bo.2

47.0

€4.0

84 .4

12,7

PST

2

150

1,47

89,4

154,0

53.9

3.04

5.33

3

200

0.374

1,02

by, 9%

¥5.2

18.9

b,vd

£/Q
£107% SEC/CU METER]

M
250

1.12

1“05

4L8.9

13.9

L2
e

5

300

0.374

3.04

16.5

39,7

15.9

Loo

h,65

28.0

22.4

18.7

.24

> ]

U-BAR: 10.33 WMETERS/SEC
DELTA T [1): -1.4 DEG F
DELTA T {2): -1.6 DEG F
DELTA T ({3): -2.7 DEG F
7 8 9 10
600 800 1200 2400
0.524
0.449
15.06 7.00 1,38 0.913
0.6ub
1.84 0.823
17.2 1.02 0.823
u,7335 1.29
0.913
1,29 2.14 1.29 1.12
1.75
1 L] 5 7
0.823 0.823 1.47
F:3:4 k33 ** Tk
KR k-2 .4 L 3.4 * ok
L TR
TR
AN
|>\,
L —p sy v ——er——

. ,‘f/ﬁﬁv‘l i
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Table Al (contd)

NORMALT LZED DOSAGES
SAND STURM NO, U3
DATE 8 APR 1963 E/Q
TINE 1040  PST

(1076 SEC/CU METER)

ARC NO: 1 2 3 4 5 b
DISTIM]I: 100 150 200 250 300 400

AZIMUTH
b5 0.5084 0.280%*
bb
67
68 0.371 0.422
by 1b.8 2.63 1,23 0.58b6
70
71 U.616 1.43
72
13 1l61.0 38,9 15.4 10.0
T4 b.b4 10.5

77 l68.0 79.0 55.8 27.8 12.5% 11.2
80 19.9 19.7
81 49,4 b7.1 4.2 30.0

83 18,3 16.8
85 25.3 23.7 22., 19.0

8b 5,52 2.26

89 3.10 1.05 1.51 1.13 0.560 0.884

42 0.293

U-BAK:
DELTA T (1):
DELTA T [2}:
DELTA T [3):

0.69u

0.828

14.0

2.07

0.586

0.422

2,16

3.40

3.32

0.108

&
Ak

11.00 METERS/SEC

-1.6 DEG F
-1.8 DEG F
-¢.5 DEG F
9 10
1200 2400
0.151
0.259%*
0.647*
0.211
2.50 0,259*
0.345%
3.13 0.478
0,293
0.862*% 0.129
0.431%
0.293
£ 4.4 *%
k3.4 * %
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HORMAL  LEU VOSAGLS

SAND STORM NO. US U-BAR:  5.80 HNETERS/SEC
DATE 24 APR 19063 /4 DELTA T {1}:  =2.0 2EG F
TIME 1531  PST DELTA T [2]:  =2.3 DEG F
(106 SEC/CU ETER] DELTA T [3): -3.0 DEG F

ARC HO: 1 2 3 4 5 6 7 8 9 10
DISTIM): 100 150 200 250 300 400 600 §00 1200 2400
AZIMUTH

49 7.09 0.695 0.425

50 2.13

51

52

53 39,0 7.09% 22.3 17.0 9.70 2.84%

54

55 1.39

56 19.1 9,92 3,90 0.96M

57 63.7 36,7 43.2 21,3 2,13

58

59 33,5 19.7 6.73 5.40 4,13

60

61 115.0 52.5 55,7 32,5 1.4

02 35,2 25.0 17.6 13.8

63 2.88 U.28L%

64 0.354
65 216.0 203.0 104.0 43,2 49,6 4l1.1 43,2 24,1 §.25% 0,964
56 2.37
67 5.67%  2.13
68 7.6 45.4 43,2 20,7 1.66
69 373.0  140.0 68.1 58,4 10.8 1.39

70 2.55

711 32.9 15.9 17.0% 14,2 15.5 0.964

12 2.64

73 352.0 36.7 33,5 8.15 8.86 3,19

% 3.63 2,28 2.20 1.84 3,71

75 §.11 2.84%

76 2.13%

17 15.9 U.496  0.610 1.06 2.13%* 1,57

78 1.22

79 1.53 2.03

80 0.496

81 1.18 1.30

82 0.162

83 0.142

84 0.865

85 1.22 .
STGHA :
DEG: 5.5 .31 5,52 5.56 5.06 .32 4.5 3,83 5,94 5,30

E y.7 11.2 19.2 28,2 26.4 0.1 47.6 53,8  124.3  222.1




Af

Table Al (contd)

SAND STORHM HO. 06
OATE 6 MAY 1963
TINE L 20 PST

ARC NO: 1 2

DISTIM]: 100 150

AZI4UTH

tS 3.98

73 22,4 14,7
17 35.5 37.1
31 15%,0 57.3
35 240,0 133,0
39 106.,0 12.2
43 5.16

21 GHA
OFG: 4,20 3.
e 7.3 10,

NORMAL1ZED JOSAGES

E/Q
110°b5 SEC/CU METER]

3 4 5 6
200 250 300 L00
1.15

0.537 0,394 0.537 1.79

0.394 0.881
0.115 0.702

2,589 .58
1,38 5.80

9.67 14,2
10.2 3.60 5.95 .83

19.1 3.31
31.9 31.6

15.1* 1.25
34.9 24,6

3.58
0.215 0,115 0,659

0.179

0.251

U-BAR: 3.86 METERS/SEC
DELTA T {11]: -2,4 DEG F
DFLTA T [2]): -2.8 DEGF
DELTA T [3]: -3,9 DFC F
7 8 9 10
600 800 1200 2400
0,351
0.974
0.351
0.3974
1,07 1.51
C.308
0.881 0.179
0.215
0.881 0.0358
0.351 0.537
2,10 0.616
0.351
5,20 2,23 2,15 0.573
0.573
1.88 0.u437
2,69 0.702 0,437
0.881
0.351 0.537 0.974
0.931
0.394 0.17§
0,351
0.659
L.ub *% 4,51 wok
46,6 *k Jh.4 o




Tab! A7

(con

t:4)

SAND STORM NO.
g MAY 1963
PST

DATE

TIME 0939

ARC NO: 1
DIST{M]): 100

AZITHUTH
L7
L3
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
12
73
T4
75
76
17

5.11

17.2

139.0

111.0

4h .4

2.86

SIGHA
DEG:
e 7.8

07

2
150

1.07

15.0

29,5

63.0

36,8

8.31

0,881

T HUAAALIZEU DUSAGES
£/Q
(1076 SEC/CU HETER]

3 b 5
200 250 300
0,179
0.537 0,251
0.251
1.15 3.04 1.97
12,2
23,5 22.9
21, 5%
41,0 20,5
17.5
28.9 15,8 16.4
2.59
5.66 2.1y
0.303
2.77
0.179
0.659 0.179
4,19 il 3.86
14,6 ek 20.2

-

U-nAK: 7.5 METERS/SFC
DFLTA T [1): -2.2 DFr F
OFLTA T [2]: -2,5 DFC F
JQELTA T ([3!: -3.6 DEGC F
6 7 8 9 10
400 600 800 1200 2400
0.394
0.53; 0.251 0,487
2.05 4,65 2.23 1.25
2.51
17.2 5.66 5.66
3.04
21,8 14,7 6.94 3,94 0.838
0.537
S.42 0.974
14.0 11.0 7.16 C.795
4,12 0.394
0.251
9,95 11,2 6.16 4,57 1.15
0.179
3.79 J.538
2.51 2,55 5.51
3.76
0.537 0.43%7
5.78 4,20 .77 4,53 >
26.3 43.5 66.6 94.9 *




A8

Table ALl (cont

)

SAND STORM NO,

09

JATE 23 MAY 1963

TIME 1311

ARC NO: 1
DISTIM]: 100

AZIMUTH

73 0.511
74

15

76

17 28,4
78

79

40

61 233,0
42

a3

84

85 156,0

0

[+

47

HY:

89 309.0

93 150.,0

97 26,1

99
100
101 0.u906
102
103
104
105

SIGHA
neG: L.85
M 3.4

PST

2

150

0.357

0.255

26,1

217.0

150.0

0.89/

3

200

0.314

8.17

L7.9

68.6

78.8

15.8

.04

HORHMAL I ZEU UOSAGES

£/Q

[10-6 SEC/CU NMETER]

4 5
250 300
O.Lu5
0,117
5.99
34,5
37.8

103.0
124.0
32,0
16,1
3.87
ok 2,96
B i5.%

~
[&]

Loo

0,255

0,810

67.1

26,8

1.46

9.14

U= 1AR:
NELTA T [1]:
ODFLTA T [2):
DFLTA T ([3]:
7 8
600 800
22.0 4,16
22,8 16.7
19,5 6.86
11.7 2.55
0.182
*® L 3
R L 3]

METERS/SEC
-3.1 DEC F
1.8 DFLF
-4.8 DEC F
9 10
1200 2400
0.255
0.496
0.117 0.314
0,445
0.547 0.547
0.715
3.2 0,854
1,46
5.25 1,46
1.82
6.57 1.09
0,854
3.01 0.992
0.255
0.219 0.401
0.445
0,182 0.401
2.92 3.61
61.2 12,9




A9

Table Al {contd)

LURIIALT JLu JUSAGES
SAND STORM HO, 10 U=-BAR:

6.16 METERS/SEC
DATE 29 HMAY 1963 £/ d DFLTA T ([11]: -2.5 DEC F
TIME 1352 PST DELTA T [2]: -3,1 DFG F
(10=b sCC/CY IETER) JFLTA T {%]: -4,2 DEG F
ARC HO: 1 2 3 4 5 6 7 8 9 10
DIST{]: 100 150 200 250 300 400 600 800 1200 2400
AZ UTH
41 0.568
42
43
Ly
45 0.501
46
47
48
49 1.62 0.501
50
51
52
53 2.39 0.824
54 -
55 .
56
57 1.50 1.41 0.312
58
59 0.312 0.696
G0
61 3.26 1.44 0.537 1.uL 0.179
62 0.824 0,128 0,568 0.384
63 0.22¢C
64 0.179
GS 18.5 2.65 3.68 4,25 6.36 1.28 0.251 0,501 0.179
66 0.153
G?7 0.824 0,179
68 7.88 1.37 1.79 0.629 0,251
69 125,0 11,7 6.34 9,77 0.696 0,384
70 0.471
71 15.6 3.53 1.15 1.21 1.50 1,02
72 0.384
73 81.9 1.1 11,3 12.9 : 2.05. 0.0819
74 6.75 7.11 1,02 1.66 N 0,153
75 0.665 0.3384
76 0.220
77 0.895 1.24 4,40 1,66 3.33 1.59 0.885 1,11 0.348 0.128
78 0,568
79 0.179 0,767
30 1.11 1.46 0.225 0.312
3 0.629 0.85 0,537 0.312
33 0.696 0,409
s
$5 0.501 0.179
86 0.128
S1GitA
DEG: 4.22 6.404 4,28 4,12 4,26 4,28 5.72 Li *i L2

HH 7.3 16,8 14.9 17.9 22.2 29,8 59.9 A % *k




Al0

Table Al (contd)

SAND STORM NO,
CATE

TIiNE 0914

ARC NO: 1
DIST{M]i: 100

AZIMUTH

45 0,127
L6

'y

L9 0.u67

53 1,52

57 50.8

6 160.0

65 321.0

69 353.0

73 8.94

17 1.36

81 0.624

85 0,594

39 0.381

SIGHA
DEG:
i 6.7

11

10 JUN 1963

PST

150

0.178

0.0812

0,249

13,8

87,8

265,0

25,2

2.10

0.817

0.0812

0.127

0.0508

NORISALTZCU UUSAGES

£/Q

110~6 sec/cu eTER)

3 b 5 6
200 250 300 400
0.249 0.437
0.178 .508
0,279 0.7062*
0.624 0,243
5.89 3,59
5.89 1,88
23,0 14,0
15.3 9.34
101.0 35.1 31,0 16.7
9.90 9.14%*
7.82 2.63
2,31 1,52
0.127 0,249
0.564
0.178 0.127 0.310
0.178
0.249
0.127
0,178
0.249
0.310
2.77 3.69 2,89 4,73
9.6 16.1 15,1 33.0

U-BAR: 12,51 METERS/SEC
DELTA T {1]: -2.4 DERF
DELTA T (2}: -2.5 DEC F
DFLTA T [3}: ~4.0 DEF F
7 8 9 1C
600 800 1200 2500
0.249
0.279
0,249
0.234%
0.218
1.14 0.4086
1.02
3,87 0.660 0.127
2,16 0.249
0,624
6.60 k,57 2,28 1.23
l.u40
1,90 1,14
2,88 2.38 1.33
0.2u8 1,78
0.127
0.0508 0,127 0.279 0.152%
0.178
0,152 Jv.127
0.127 0,310
0.178
* ¥k ¥ 5.07 Vet
ikl e ve ok

106,9




R

All

Table Al (contd)

NOWIAL S ZEY wUSAGES
SAND STORA HO, 12 U=-BAR: 2.
DATC 12 JuN 1963 E/Q DFLTA T (1)
TI:E 10138 PST DELTA T [2)
1107 5EC/CU HETER] DELTA T (3]

ARC NO: 1 2 3 4 5 6 7 8 9 10
DISTI]: 100 150 200 250 300 400 600 800 1200 2400

33 METERS/SFC
H -1.3 DEA F
H =1,7 DEG F

A Ara
-2 se Wik

AZTHUTH

17 0.127
18

19

20 0,498
21

22

23 0.279
24

25

26 0.406
27

28
29 0.178
30 e

31
32 0.762 0,178 0,345

33 0.152 0,975

34

5% k.14 0,345 0,467

3

37 0.310 3.05 3,31

38 3.84 0.56% 0,817

39

40
ul 0.127 3.08 5.13 L,33 1.45 0,762

W2

43 . :
Ul 10,7 2.34 0,533

45 3.05 1.14 18,1
46

47 14,4 9,90 0,762

48

49 2.10 1.20 1.58 22,6

50 11,2 1.55 0,564

51

52

53 3.24 1,17 3,76 33,5 15.9 1,07 0,381

Stk

55

56 10.1 1.0 0.533

57 7.11* 0,975 28,9 81,2

58

59 6.45 3,81 0.467 0,249

60

61 11.4 2.89 5.13 4,26 0.249

62 7.31 2,85 2.79 0.533

63 0,381

(] 0.218
bS 47.2 15.1 2.89 15.1 10,3 1.84 2.69 1,61 0.406 0,127
66 . 0.279
67 0.888 0,437
63 16,3 1.7 - 2,59 1.14 0,533
89  215.0 8.8% 15.5 17,3 1.52 0.345
711 9,90 2,34 1,96 0,178 1,88 0.406
72 0,564
73 166.0 18,5 19.6 26,6 1.7 0.690
74 2,72 2.47 1,07 0.0508 0.624
15 0.406 0,660
16 0,467




Al?2

Tatble Al (contd)

SAND STORM NO,

ARC NO: 1
D§STIMI: 100

AZ1MUTH
i 30.3
78
78
30
L\ 27.2
82
83
84
85 27.2
86
87
88
89 6.85
50
91
92
93 7.72
94
95
96
97 20.9
98
98
100
10l 15.9
102
103
104

105 0.624

106
107

S 1GMA
DEG: 9,07
M 15.8

AN,

12 [CONT.}
2 3 b4
150 200 250

11.6 11.6 19,5

8,12 24,2 12.0

11.6 15,% 5.33

4.26 9,04 0.690

2.16 8.12 0.381

0.152

300

2,48

0,888

0,564

0.437

11.2
53.7

e Lt bl ) - ) S

[£3]

400

3.40

1,78

1,45

1.04

0.726

0.69%0

£.660

0.k567

1,02

1.C7

0.564

17.8
124,3

I
600

1,02~

0.690

0.381

C.498

0,381

0,543

0.249

0.564

Olsg“

0,594

0.345

20.1
210.9

8
800

0.345

0.127

0.279

0.0508

0.381

0,249

Wk
fede

9
1200

17.9
375.3

10
2400

0.660
D.467
0.848
C.504
0.624
0.762
0.178

L2
i




NORMALI ZELD DOSAGES
SAND STORM NO, 13 U-BAR: 2,91 METERS/SEC
DATE 14 JUN 1963 £/Q DELTA T (11): -1.7 DEG F
TIME 1057 PST DELTA T {2}: =-2.1 DEG F
1105 SEC/CU METER) DELTA T [3): =-2.8 DEG F

ARC NO: 1 2 3 b 5 6 7 8 9 10
DisT{M): 100 150 200 250 300 400 600 800 1200 2400

AZIMUTH :

44 0.108
b5

Lo

L7 0.130
by

49 2.2

50 V.38 V.373

53 2.74 2,77 0.867 0.108

56 2,82 1.27 0.152
51 0.590 1.14

59 1.63 1.68 0.672 0.130 0.238

6l 1.33 0.130 0.373 0.507

62 1.08 3.59 1,63 0.915

63 0,806 0.212
bl 0.186
s w% 0,455 2.49 2.63 4,77 2.82 4,38 0,425 0.108
66 0.0434
67 0,295 *%

Ll 5.16 4.03 6.24 3,64 0.108
69 1,57 xk 2.19 3.18 0.650 0.130

71 2.43 5.51 7.72 b.21 0.832 0.108
72 0.130
73 6,24 0.186  8.45 6.24 1.30 0.212
) 3.31 6.24 7.54 2.22 0.347
75 1.19 0.373

77 3.04 0.325 4,77 1.08 2,28 5.33 8.63 1,68 1.95
79 1,52

80 1.24 5.25 95.93 2.93
81 0.590 1.95 0.780 1,37

83 0.915 3,01 5.51 3.72 l.44

85 V.533 2.28 0.425 1.95
86 0.698 1.85 2.93 2,00
87 1.89

89 0.186 0,915 0.212 0.212 0.325 1,41 2,11
91 2,60

92 0.425 0.152 0.264 0.533
93 0.152 0.832 1.98

95 0.325 0,212 0.212 0.373 2.17

97 0.698 1.68
28 0.264 0,186
g¢ 1.46

101 0.481 0.425 0.425

104 0.264
105 0.186

107 0.238

S) GMA

DEG: *% ** 5.37  1i.4 12.0 8.90 6.74 §.46 10.3 ek
M: b wR 18.7 58.4 63.0 62.1 70.6 118.1 215.7 *k

[TIPUCRR s e T e s R R RN S RS




Al4

Table A1 {contd)

SAND STORM NO., 14

DATE
TiME

1018

ARC HhO: 1
DISTIM]: 100

AZIMUTH

71
72
73
74
75
76
77
78
79

0,704

33.5

69.7

158.0

53.9

5.94

1.16

O.u438

3.79

19 JUN 1963
PST

2
150

0.180

30.5

33.8

31,7

10.3

0.bls

Yook
* v

NORMALIZED UOSAGES

£/Q
(10°% SEC,CU METER]

3 N 5 6
200 250 300 400
0.489
U.bbl
0.251 0.797
10,3 6.03 1.58 1.11
b.31
19.8 10.9
2.0L9
10.06 2,05
0.704
U.bl8 0,251
0.251
Lid W Kk %%
¥t ok % e

U-BAR: 5.31 METERS/SEC
DELTA T (1]: -1.3 DEG F
DELTA T (2]: -2.6 DEG F
DELTA T (3]): ~3.,4 DEG F
7 8 9 10
600 800 1200 2400
0.216
0.0718
0.352 0.352
0.210
0,438 0.180 0.251
0.884
0.661
1.34 1.08 0.884 0.180
1,80
3.23 .40 0.251
2.74 1,34
2.10
3,52% 0.884 1,52 2.05
2.16*
0.352 2.16
0.977 0.180 0.352
0.216 0,309
0.180
0.704
0.359
0G.216
LI 314 T *k
Yk L b 2 Sy

Jﬂh.ﬂ....‘“.'.h{'




Al5

Table Al (contd)

NUukIAL I LES DOOAGLS

[

SAND STURG NO. 1b
UDATE Yy Jul 1Yu3
THiE 0950 ST

ARC 1O: 3
2ISTL):

ALVsUT)
85,V
05.%
duv,.U
BL.5
v7.0
867.5
o8 .U
8.5
4.0
£€9,5
Yu.u
40,5
Jl.u
J91.5
YyZ.u
y2.5
43,0
93,5
J4,0
J4.,5
95,0
35.5
94,0
Yb.5
97.0
y7.5
4$.0
Y8.5
Yyy,0
49.5

luo.L

100.,5

1ul.u

1ul.5

102.0

102.5

103.0

1ul.s

lus,0

lub b

1ub5.0

1us.5
lub.U
lub.b

107.0

S5.50

5.93

b,72

11.1

14,5

17.5

33.1

23.0

lu.o

S1GHMA
DEG:

Y

w:.lu.wp. PP RTINS

£/a

(1070 LEC/CU ALTER)

0

Loo

U, 140

1.22

0.374

0U.490

1,45

2.57

5.75%

12.5

L, 5S4

u.5497

Yk
Y

e i i | A S oy I K

7
60U

0.285

U.350

1.55

4,72

10.7

19,8

23,0

v./ul

800

15,2

11,4

U.0G8

U-BAR: 447
DELTA T (1]:
DELTA T (2):
DELTA T (31:

METERS/SEC
-1.6 DFU F
-2.2 DEG F
2.7 DEG F

9 10
1200 2400

0.51%
1.34
3.27
2.74
2.10%
1,57

U.117

U, 434

U.93%

0,518

G.575

U,514*

R 1
* &




Alé

Table Al (contd)

-— o —

WORAALIZEU WOSAGES
SAND STORM MO, 17 U-BAR: 5.37 METERS/SEC
DATE 11 JUL 1963 E/q DELTA T [1]: -1.7 DEG F
TIME v933 PST -6 DELTA T (2]): -2,2 DEGF
L10 SEC/CU HETER] DFLTA T (L) -3.0 DFG F

ARC NO: 3 6 l 8 9 10
DISTIM]: 200 400 600 8GC 1700 2400

AZIMUTH

4.0 0.234
74.5

75.0 0.263
75.5

7¢€.,0 0,234
76.5

77.0

17.5

78.0Q

78.5

79.0 0,358

79.5

80.9 0,234
30.5

81.0 32.? G.530

81.5 0.292 0.134x*
32,0

82.5

83.0 12,1 1,08 2,60 1.01

3.5

84,0

84,5 2.32

85.C 13.8 0.889 3.80

85.3

86.0C 2.18

6.5

87.0 4,83 1.22 7.46

87.5 2,80

88.0

88,5

89,0 3.78 2.93 2,44 2.39

89,5

90,0

90.5 1.70

91.0 0. 741 1.08

91.5

92.0

92.5

93.0 0.143

S1GHA
DEG: 2,45 o 2.30 2.46 ** o
8.5 re 24,0 34,3 . o




A SOy M. (B Vit O w1

e
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Table Al (contd)

Al7

SAND STORM NO. 18

DATE
TIME

ARC NO:

15 JUuL 1963
1039 PST

DISTIM]): 200

ALINUTE

56,0
56,5
57.0
57.5
58.0
58,5
59.0
59.5
60.0
60.5
61.0
6l1.5
62.0
62.5
63.0
63.5
66,0
64,5
65.0
65.5
66,0
66.5
67.0
67.5
68.0
68.5
9.0
69.5
70,0
70,5
711.0
71‘5
72.0
72.5
13.0

SIGMA
DEG:
M:

u2,3

50.6

51.2

§8.0

57.9

20, 8%

7.20

NJRMALIZEYD DOSAGES

E/Q
(107% cec/cu neTER)
6 7 8
400 600 800
0.913
1.71 2.12 2.60
1.20
23.3 2,87
1,20
25,3% 4.79
1.43
10.0 3.24 1.06
2.69
1.00%
0.36%
0.201*
2.26 . e
15.7 . e

U-BAR:  8.65
DELTA T [1i:
DELTA T [2):
DELTA T [3]):

9

1200

0.453

0,371%

0,312%

0.260

1.30

0.557

0.646

0.728

%
-k

METERS/SEC
-2.2 DEG F
-2.7 PG F

-0.0 DEG F

10
2400

L 3
e
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Al8
Table Al (contd)

tORIALI2ZEu LUSAGLS
SAND STORM NO, 19 U-BAR: 1

2,60 MFTERS/SEC
DATE 17 JUL 1963 t/Q DELTA T (1

2

3

6

: =2,1 OFCG F
: -2,6 OEC F
: -3,9 DE" F

TIME 0936  pST 6 DELTA T I
1107°% SEC/CU ETER) DELTA T [

ARC HO: 3 6 7 8 9 10
DIST{): 200 400 600 800 1200 2400

AZTAUTH

67.0 0.270

67.5

€e.0

68.5

69.0 4,73

69.5

70.0

70,5

71.0 17.0 5.56 0.378 1,20

71.5 -

72.0

72.5 1,82 1,88

73.0 53.6 17.3 5.22 0.579
73.5

74,0 1,78 1.74% 3. .
4.5 :
75.0 84.9 7.80 2.51 3.94

75.5 1,00 1.29

76,0 3.19

76.5

77.0 12.3 3.86 0.471 0,811 0,525 1.54

77.5

78.0

18,5 0,332 0.378

79.0 3.90 0,949 0,193

79.5

80.0 0.193

]
]
]

T e o e e s b Wil Ry

SI1GHA
DEC: 1.92 1.92 b ek 2,39 bkl
Y 6,7 13.4 o uk 50,0 *

P e o =

- AF o



Al9

Table Al (contd)

RORMAL T ZEU JUSAGES

SAND STORM MO, 20 U=-BAR: 3,86 METERS/SFC
DATE 26 JUL 1963 £/q DELTA T [11:  ~0.7 JfC F
TIME 1018  PST JELTA T [2):  -2.3 DEC F
11078 sce/cu HETER) DELTA T [3): -2.8 DFC F

ARC HO: 3 6 7 8 9 10
DISTIM]: 200 400 600 800 1200 2400
AZLAUTH

54,0 0,0836
54,5

55,0 0.142
55,5

56,0 0.140
56.5

£7.0 0.201
57.5

58.0 0.435
53.5

59,0 0.414
59,5

60,0 0.1k
60.5

61.0 C.ul8*
61.5

62.0 0,421
62,5

63,0 1.35 0.304
63,5

64.0 0.496%
64 .5

65.0 6.30 0.836
65.5

66.0 0.659
66,5

67.0 6.02% 0.949
67.5

68.0 90,7197
¢8.5

69,0 5,66 1.42
69,5 0.204

70,0 1.59
70.5

71.0 15.0 7.358 9.949
71,5 §
72,0 1.35 4
72.5 0.23%0 "
73.0 24 .4 1.57 3
13.5 i
4.0 0.262 1.61
74.5

75.0 1.50 1.72
75,5 0.179

76.0 1.50
76.5

17.0 0.659 0.122 0.97%
17.5

78.0 1.24
78.5 0.708*

79.0 0,531 0.995
79.5

30.0 2.61 2.65 0,347
80,5

81,0 0,443 0,244 1.95 0.995
31.5 15.6 2.40

82.0 1.33
82.5

83.0 0.372 1.27 1.63 13,4 3,29% 0.97%
83.5

— ) R S S T e '"“*"“*M“‘—W-—————-




A20

Table Al (contd)

SAND STORM HO, 20 ([CONT,]

ARC NO: 3 6 7 8 9 10
CIST{M]: 200 400 600 8§00 1200 2400

AZIMUTH

34,0 0.570
84,5 12.6 4,50

85.0 0.297 1.35 0.241
85.5

36,0 6,37% b.21 0.1¢£8
86.5

87.0 n.297 2,08 0.146
G745 3.43 1,95

88.0 0.104
88,5

89.0 0.177 4.50 3.72 1.45% 0.0797
89.5

90.0 0.0482
90,5 2.14 1,14

91.0 2.26 G.0531
91,5

92.0 1.73 1,05 0.0747
92,5

93,0 0.673

93.5 0,974 J.867

94.0

94.5

95.0 0.705 0.811

95'5

96.0

96,5 1,04 0.464

97.0

97.5

58.0 0.778 0.110

$8.5

99,0

99.5 1.27

SIGMA
DEG: 5.37 * 3.56 b.30 5.13 7.32
M: 11,7 rw 37.2 60.0 107.5 306.7




Table Al (contd)

acl

SAND STORM NO, 21
DATE 30 JUL 1963

TIME 125¢

ARC HOQ:
DIST[M]:

AZIMUTH
65.0
65.5
66.0
66.5
67.0
67.5
68.0
68.5
69.0
69.5%
10.0
70.5
71.0
71.5
72.0
72,5
3.0
713.5
4.0
74,5
75.0
75,5
76.0
76.5
77.0
17.5
18,0
78.5
79.0
19.5
80,0
80.5
31.0
81.5
82.0
82.5
#).0
85.5
8.0
8.5
85.0
85,5
§6.0
86,5
$7.0

S 1 GMA
0EG:
M:

PST

200

0.110

0.203

1,94

7.17

11.7

11,7

126.0

82.6

14,4

2.8:

0.636*

NORAALICEU JUSAGES

U=-BAR: 7.57

£/Q DELTA T (1):
DELTA T [2):
{1078 SEC/CU METLR] DELTA T (3):
6 7 8 9
400 600 800 1200
0.117 0.106
0.163
0.152 C.256
Ollss
0.579 N.ub48
0.241 0.156
1,59% 0.833 0.459% 0.297
0.858 0,777
b, 48 5.79
1.54 1,38%
17.7 9,28
3,25% 2,44
25,7 11.8 6.71 2.47
9,43 b.48
32.8 13.8
12.% 8.62
il.7 13.3
9. 1% 5,65
N.O6® 5.08 2,29 §.20
0.865 0.86¢
1.07 0.826
0.0986 0.177%
0.0812 0.177
2.7% 3,36 2.88 3,22
19.1 3.1 80,2 67.3

METERS/SEC
-1.2 OEG F
-3.6 DEG F
-4.6 DEG F

10
2400

0.0766
0.141
0.191*
0.259
0,833
1,65
0.826
0.851
0.971
1.09
1.11*
1.1%
0,717

0.191*
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A22
' Table Al {contd)

—_—————
HURMALIZEV vOSAGES
SAND STORM NO, 22

DATE 9 AUG 1963 E/Q
TIME 1858  PST -6
(107° SEC/CU METER)

3 METERS/SEC

U-BAR: 3
H -2,0 DEG F

u.
DELTA T [1]
DELTA T (2]
DELTA T (3]

-2.7 DEC F
-3.5 DEG F 7

ARC NO:
DISTIM):

AZIMUTH
80,0
80.5
i1.0
81.5
82.0
82.5
83.0
83.5
84.0
8k.5
85.0
85.5
86.0 .
86,5
87.0
87.5
38.0
88,5
89.0
89,5
90.0
90.5
91.0
91.5
92,0
92.5
93.0
93,5
94,0
9.5
5.0
95.5
96.0
96.5
97.0
97.5
98.0
98.5
99,0
99.5

100,.0

100,5

101,0

101.5

102 .0

02,5

103,0

103,5

104.0

104,.5
105.0

105.5

106,0

106.5

107.0

SIGHA
DEN:
e

200

2.08
1.51
1.10
2,26

2,47

4.30
3,53%
2.93
2.71
1,99

2.68

10.4

*d
&k

6
400

0.321

1.48

12,9

3.32%

0.824

2,32

2,27

2,98

1,6u%

0,786

1.70

¥
i

7
600

0.223

1,31

1.62

2,79

5.31

7.09

8.56

10.1

10,7

8.28

6,64

1.37

8.73

L 2.1
*i

800

0.0894

0.210

0.622

0,217

0.199

0,531

0,499

0.562

0.849

1.3

2,44

4,16

6.46

6.81

4,16

" 3,39

1.63

Wk
¥

9
1200

0,0915

0.0562

0,0349

0,0559

0.0821

0.122

0.894

1,75

1.59

1.92

0.279

0,262

Yk
i

10
2400

-
-

a A\
s
0.0733
0.105 '
0.168 + ,
o.1os;?
0.0936
0.0824
0.0716
0.0611
0.0524
0.109
0.102
0.0737
0.0524
0.138
0.175
C.192
0.131

*k
ok

o ] s

.

e e



Tabie Al (contd)

AdS

RORGALIZDD QUL AGES

SAND STORM NO. 23
DATE 16 AUG 19b3

THHE 1558

AKC 0O
DISTIH}:

AZIMUTH
55.0
55.5
56,0
50.5
57.0
57.5
5.4
5§.5
59,y
549.5
.0
Li.5
vi.vu
tl.h
02,0
v2.5
Li.U
03.5
v4.,0
vk.5
65,0
05.5
bb,0Q
6b.5
7.0
67.%
vy ,0
8.5
69,0
¢§,5
70,0
70.5
71,0
71.5
72,0
72,5
73.0
73.5
74,0
4.5
75.V
75.5
70,0
76.5
77.0
77.5
8.0
78.5
79.0
79.5
80,0
80.5
31.0
8.5
82.0
82.5
83.0
8305
84.0
84,5
85.0

SI1GMA
DEG:
M:

U~PAR: 7.45

£/Q DFLTA T (1}:
PST DELYA T {2):
(1070 SEC/Cu METER] DELTA T [3):
3 b 7 8 9
200 400G bUL 800 12C0
0.1lu0
U.13¢ 0.562 0,474
0,380
1.03 2.02 1.01 0.909
0.966 0.386
2.79 2.32 2.32
1,86 0.997
16.8 3,86 3,86
5.27 1.60
2.1 9,83 5,36 6.25 1.76
7.40 1.55
34,1 13.1 17.3
10.3 2,70
106.0 17.7 17.1
12"‘ 503“
121.0 37,7 10.7 w.1 2.97
7.72 2,02
106,90 23,7 10.6
3.86 1.40
69.9 20,0 7.41
5.34 1.47
53.4 13.2 9.23 7.13 1.71
0.702 O.474
14.9 6.35 1,18
0.0702
1.72 0.302 0.421
2.51 0.151
0.0878
3.96 4.36 k,55 4,36 b,27
13.8 30.4 47.6 60.8 89,5

METERS/SEC
-2.6 DEG *F
~2.7 DEG F
~3.6 DEG F

10
2400

0,134
0.239
O.L1%
0.171
0.284
0,266
0.244
0.279
0.177

*%
ek

o e

Rac P RN




AZ4

Table Al (contd)

NORMALIZEU JOSAGES
SAND STORM NO. 24
DATE 19 AUS 1963 E/Q
TIME 1542  PST

(10~% SEC/CU METER]

ARC NO: 3 6 7
DISTIM]}: 200 00 600

AZIMUH

75.0 0,252
75.5

76.0

76.5

77,0 0.989
7785

78.0

78.5

79.0 2,20 1,57
79.5

80.0

80.5

81.0 5,00 3.78
81.5

82.0

82,5

83,0 11.9 6.08 2,82
83.5

84.C

84.5

85.0 19.6 8.05 3.63
85.5

86.0

86.5

87.0 37.3 5.4 4,85
87.5

88.0

88.5

89.0 42.8 9,20 6,08
89.5

90.0

90.5

91.0 36.,0% 3.31 7.73
91.5

92.0

92,5

3.0 30.2 6.29 6,65
93.5

94,0

94,5

0.291 0,257

0.608

0.647

0.442

0.899

U~BAR: 5.82
DELTA T [1]:
DELTA T (2]:
DELTA T [31:

8 ]

800 1200
0.0808
0.0848
0.193
0,428
0.324% 0,0719
0.219 0,0899
0.539 0.112
1.77 0.264
2.23 0.608
2,37 1.19
5.32 2,02
7.59 1.74
10.1 1.83

METERS/SEC
-1.3 DEG F
-1,4 DEG F
-2.3 DEG F

10
2400

0.261
0.360%
0.485
0.205

B e
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Table Al (contd)

A25

SAND STORM NO, 24 [CONT,]

ARC NO: 3 6
DIST(M4]: 200 400

AZIMUTH
95.0 42,2 5.75
5.5
96.0
96.5
97.0 25,3 11,3
97.5
98.0
98.5
39.0 13.7 11.0
99.5
100.0
100.5

101.0 2,05 2,70

101.5
102.0
102.5
103.0
103,5
104.0
04,5
105,0
105.5
106.0
106,5
107.0

0.759

0.0848

SIGMA

DEG: 4,81 6.48

H: 16,7 45,2

0.0942

0.243

600 800 1200
8.99 7,91 0.640
4,85

4.10
b,28
.73

1,30

2'19

1,04

0,182

0.103

5.57 4,03 %k

58.3 56.3 *%

10
2400

ke
*%

Wb e

FLATN

3 &7 e ¥

PRI TN

S A A R ISR .




AZ26
Table Al (contd)

KURMAL T CEu UUSAGES
SAHD STORM MNO. 25 J=BAR: 7.82 UETERS/SFEC
QATE 21 AUG 1963 E/u DELTA T [1]: -2.7 DEC F
THAE 1334 PST . DFLTA T [2]): ~3,2 DEC F
{1u°V LLC/CU NLTER] DELTA T [3]: -4 .5 OFC F

ARC KO: 3 6 7 8 9 10
DISTLM4): 200 400 600 800 1200 2400

AZIMUTH

63.0 0,0327

63.5

64,0

64,5

65.0 0,141

65.5

66.0

66.5

67,0 0.345

67.5

68.0

68.5

69,0 0.851* 0.0450
69.5

70.0

70.5 %
71.C 3,75 0.327 0,0450 0,0419 ¥
71.5

72.0

72.5 6.0878

73.0 8,92 0,593 0,860 U.079¢€
73.5 :
74,0 0,583 0.180 i
74,5 .
75.0 15.9 4,58 1,65 ;
75.5 1,00 0.786

76.0

76.5

17.C 24,9 6.06 2,55 U, 565 0,876

77.5

78.0

78.5 O 42 0,933

79.0 21.4 8,37 1.95

79.5

30,0 0,377 0.548

80,5

§1.0 Ly, b 11.4 1,59

81.5 2,04089 0.416

32.0

32.5

83.0 33,2 6.55 0,123 0,262

83.5

34,0

84.5 0,138

85,0 14.6 1,35 00,0532

85,5

86,0 0.0429

86.5

87.0 6.19 0,.0450 0.04380

87.5

88.0

88.5

9.0 0,612

89,5

90,0

90.5

91.0 0.0542

E

f
R
)
=
o
*
5
§
E
3
3
A
v
1
5
&
2
¥
3
2
]
:
i

SIGHA
DEG: 3.89 2.92 2,71 W 2,88 Vet
A H 13.5 20,4 28.3 ok 60.2 o




A27
Table Al (contd)

NORMALI ZCU DOSAGES
SAND STORM NO. 26 U-BAR: 9.6 HETERS/SEC
DATE 22 AUG 1963 E/4 DELTA T (1]): -2,7 2FC F
TIME 1430 PST -6 DFLTA T 12): =3.0 2F" F
(10 SEC/CU ETER] DFLTA T [3]): -4,5 NEC F

ARC NO: 3 6 7 8 9 10
DISTIM]: 200 400 600 800 1200 2400

AZIMUTH

49,0 0.21.

49.5

50.0

50.5

51.0 4,11

51.5

52.0

52.5

53,0 12,6 0.0424

53.5

54,0

54,5

55.0 17.0 0.648 0.139

55.5

56.0 0.534
i 56.5
! 57.0 34,2 9.49 2,06

57.5 0.939

. 58.0

' 58.5
‘ 59.0 48,1 b4,5 12,1 1.24 1.78

59,5

60.0 0,0818
60.5 5.717 1.46%
61.0 61.9 42,6 17.8 0.259
61.5

62.0 7.13% 1.25 0.246
62.5

€3.0 54,3 41,1 21.9 0.468
63.5 8,66 3.506

64.0 0.426%
64.5

65.0 64.8 30.0 12.8 5.34 2.92% 0.694
65,5

66.0 0.591
66.5 6,87 2.59

67.0 66,7 21.9 10.7 0.694
67.5

6§.0 5.51 2.40 0.632
68,5

69.0 34,8 17.8 9.23 0.518%
33.3 2.7 1.51

0.5 0.411
;i.g 28.8 15.7 5.04 2,06 1.21 0.219
72.0 0.246
72.5 2.59 0,546

73.0 20.6 9.23 4,354 0.178
713.5

74.0 2.11 0. .
s 850 0.16%
75.0 8.60 §,53 3,29 0.113
75.5 1.78 O.4Su>

76,0 0,0923
76.5

;;.2 6.80 2.88 0.769 0,653 0.233 0.042%
78.0

78.5 0.121 0.0504

2
-
¥
é
*
-
2
5
13
3
_{,
5
\

s J

RS % 5
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A28

Table Al (contd)

SAND STORM NO

ARC NO:
DIST(M]:

AZIMUTH
79.0
79.5
80.0
80.5
81,0
81,5
82,0
82,5
83.0
83.5
84.0
84,5
85.0
85,5
§6.0
86.5
87.0
87.5
88.0
88.5
89.0
89.5
40,0
90.5
91.0

SI1GMA
DEG:

« 26 [CONT.]
3

200

0,769

0.5“6

0.121

0.211

0.0794

0.0909

0.0342

5.59
19,5

400

0.382

0.0850

0,0688

0.0424

600

0.139

0.0567

8 S
800 1200
0.206 0.0u86

0.0445

0.274

0.121

0.0583

.95 b,38
69.0 91.6

10
2400

5.86
161.6




’*' e :,3_“: &v J

A29
Table Al (contd)

— e -
NURMALILEYU VUSAGES

SAND STORM NO. 27 U-BAR: 6,35 METERS/SFC

DATE 27 AUG 1963 E/u DELTA T [1): <-1.8 DEA F

TIME 1538  PST DELTA T ([2): =2.1 DEGF
(1078 SEC/CU METER] DELTA T 3): =2.9 DEG F

ARC NO: 3 6 7 8 9 10
DIST([M]: 200 400 600 800 1200 2400

AZIMUTH

51.0 0.0863

51.5

52.0

52.5

53.0 0.263 0.202

53,5

54.0

54,5

55.0 1.29 0,452 0.113

55.5

56.0 0.0822 0.C470
56.5

57.0 2,78 2.63 0.9
57.5 0.265 *0,0463

58.0 J.846

58.5

59.0 13.3 8,79 4,03 2.09 0,353 1.22%

59.5

6V.0 1.66

0,5 5.16 0.833

61.0 29,3 9,04 7.61 1.25

61.5

62,0 3.799 1.01 0,.855=

2.5

3.0 95.7 W, 7 3,706 0.600

3,5 0.689 0,115

b4, 0 0.417

64.5

65.0 57.2 2.55 *9,0616 9,197* J.565

65,5

$6.0 0,536

6.5 0.0610

7.0 51.6 0.0717 0.475

67.5%

€8.0 9,304

68.5

9.0 26,3 0.139 S
9.5

C.0

70,8

71,0 1.08

71.5

12.0

72.5

73,0 0.0657 pt
713.%

T4 .0

4.5

715.0 0.0564
75.5

16.0

76.5

711.0 0.0431
77.5

78.0

78.5

73.0 ©.0329

0,362

(-2
c

“

e

»

SIGMA
DEG: 2.83 2.41 bk 1.57 bl 3.07
H: 9.8 16.8 ol 21.8 " 128.6




A30

Table Al {(contd)

SAND STORM O, 28
DATE 30 AUG 1963
TINE 1439 PST

ARC NO: 3
cISTLi) 200

AZIAUTH
55.0
55,5
56,0
56,5
57.0
57.5
58.0
58,5
59.0
59.5
0.0
60.5
61.0
b1.5
62,0
62,5
63.0
63.5
64.0
64,5
65,0
65,5
6b.0
6.5
b7.0
67.5
b8.0
b8.5
69.0
09,5
70.0
70.5
71.0
71.5
712.0
72.5%
73.0 22.2
13.5
4,0
16,5
75.0
15,5
16,0
76.5
11.0
17.5
78.0
78,5
79.0
79.5
0.0
80.5
81.0

0.0555
0.0905
0.132
0.202
0,782
2,50

4,61

47,0
12,6

12.3

SIGIA
DEC:
R

NURJAL 1 L0 JOSAGES

U=-RAR: 8,49 METEDG/SFC
£/4 DELTA T [1): -2.5 DEGF
DELTA T (2]: =2.8 DEGF
(10°0 SEc/cu JETER]D DELTA T (3]: =3.7 DFC F
6 7 8 9 10
400 600 800 1200 24,00
9.0611
0,142
2.70 0.0782
§7.6 0.123 0.0329
0,0388
18.8 0.101
0.209
12,3 VLTl
0.181 0.9668
0.576 2.476 0.222 2,181
0.173 0.0400
0.1u1 0.107
0.0964
1.68 2,83 2.69 . 34 e
11.6 29.6 37.% ok r
T R o 5 1 }




Table Al {contd)

SAND STORM NO, 29
DATE 10 SEP 1963

TINE 1611

ARC HO:
DISTIM]:

AZIMUTH
65.0
65,5
66,0
66.5
67.0
67.5
68.0
68.5
69.0
69,5
70,0
70.5
71,0
71.5
72,0
72,5
73,0
73,5
74,0
4.5
75.0
75.5
76,0
76,5
17.0
77.5
78,0
78,5
79,0
79,5
30.0
30.5
51.0
81.5
82.0
82.5
43,0
83.5
84,0
4.5
85,0
85.5
86.0
86,5
87.0
7.5
88.0
§8.5
§9.0

SIGMA
OEG:
N

PST

200

0.111

0.131

0.918

2,62

5.33

15,7

23.6

13,.1%

7.4

O.642%

0.100

0.06L29

2.96
10,3

NORHMALI ZEU VOSAGES

L/Q

(10-% SEC/CU METER)

6
L00

0.234

1.23

3.32

b, 25%

5.48

8.19

1,80

U.124

7
600

0,375
0,746
0,654%
0,551
2.01
12,3

7.51
0,177

0.0676

U-BAR: 7.69
DELTA T [1):
ODELTA T [2]:
DELTA T [(3]):

800

0.0509

0.125

0.332

1.37

5,82

10,2

5.27

2,08

0.509

0.0572

9
1200

*0,0509

0.981

3.27%

3.19

0.491*

0.0736

METERS/SEC
-1,2 DFC F
-1.4 DEC F
-2,6 DEG F

10
2400

1.44
3.32
3.03
2.14
1,23
0.150

0.124

L34
b 8




A32

SAND STORM NO. 30
DATE 11 SEP 1963
TINE 1526  PST

ARC NO: 3
JISTN): 200

AZ1AUTH

77.0 0.0469
77.5

78.0

78.5

79.0 0.103
79‘5

30.0

80.5

81.0 0.151
81.5

32,0

82.5

83.0 2,43
83.5

ah.o

88,5

as.q 11‘6
85.5

56.0

86.5

67.0 26,9
87.5

38.0

88.5

9.0 21,.3%
89.5

90,0

90.5

91.0 18.0
91,5

92 .0

92.5

93,0 25,6
93.5

94 .0

94,5

95,0 9,70
95.5

96.0

46.5

47,0 4,65
97.5

98.0

y8,.5

99,0 0.964
99.5
100.0

100.5

101.0 0,152
101,5

102.0

102.5

103.0 0.0533
103.5

104 .0

104,.5

105.0

105.5

106.0

SIGHA
DECG: 3.55
e 12.4

HORHALIZLU vOSAGES

110°% sec/cu NLTER]

6

400

0.0346

0,0510

0.100

0.057% -

0,346

2,85

0.387

0,136

0.0L29

Table Al (contd)

7
600

0,0410

0,287

0.860

0.960

0,541

0.459

U=-R82K: 2.90
DELTA T (1)
DELTA T (2):
DELTA T £3):
8 9
800 1200
00,0634
0.107
0,0634 *0,0492
00,0469 0,0714
0.320 0,118
0.852 0.159
0,934 0.292
1,04 0.361
1,24 0,401
1,52 0.346
1,66 0,878
0.860 0,819
0,410 0,387
0.0410 0.221
*0,0410
3.63 3.82
$0,7 80.0

HETERS/SEC
-1,4 DES F
-1.8 DEr F
-2.4 OFEC F

10
2400

0.0655
0.0202
*0,0328
0.C574%
*0,0492
*0,0426
0,0387
0.0305
*0,0737
0.180
0,134
0.195
0.333
0,215
0.249
0,500
0.2u6*
0.123
0.361
0.108
0.0451
0.0778
0.0755
0.0346

5.28
221.1

o S



v oy

A3l

Table Al (contd)

HUOWIALIZEY JUUSAGES
SAND STORiY NO, 31 U-BAR:
DATE 12 SEP 1963 E/Q DELTA T

[8i 9 WMFTFRS/SEC

1

TINF 1501 PST DELTA T [2)
(3]
9

8

: -0.8 DFC F
: -1.4 DEG F
: -2.2 DEC F

o o me—————

110°% SEC/CU WETER] DELTA T

ARC NO: 3 6 7 8 10
DIsSTEA): 200 400 600 800 1200 2400

AZLAUTH

75.0 0.0713

75.5

76,0

6.5

77.0 0.290

77.5

78.0

78.5

79.0 0,204 0.0332

79.5

30,0

80,5

81,0 4,93 0,194

81.5 p 0.0373

82,0

82,5

3.0 St,7 2.24 0.673 0.0664

83.5

84.0

84,5 0.581 0.0664

85.0 64,7 3.30 0,829

85.5

86.0 0.299 0.521 0,197
86.5 :
§7.0 v9.0 15.4 4,99 0.627 ¥
87.5 5.21 2,80

¢8.0 0.0946
48.5

89,0 36.5 23.9 8.87 6,20 4,56 0.204
89.5 .

30.0 1,02 .
40,5 7.13% 7.46 i
91.0 26.5 25.9 11,4 2.39 !
91.5

92.0 8.31 6.70 3.07
92.5

93.0 6.64 8.26 8.46 4.79
93.5 9.32 6.27

44,0 6.20
Y4 .5

y5.0 1.1u 4,30 4,50 6.20 4,79 3.37
95,5

Y6.0 2,52
96.5 0.954 0,904

97.0 0.380 0.239 0,400 0.591
97.5

98.0 00,0705 0.125 0.29%
98.5

99,0 0.110 0.0498

99,5
100.0
100.5
101.0 0.0664

gt s b O i T iy ARSI e s Tes

.

L g

SIGNA
DEC: 2,91 2,65 2,76 2,68 2.50 2,15
HH 10,1 18,4 28,9 37.8 52,3 90,0




Al4

Table Al (contd)

NORALILEY UUSAGES
SAND STORM NO, 32 U-BAR: 3.80 HFTERS/SEC
DATE 16 SEFP 1963 E/Q DELTA T {1): -2.1 JECF
TIME 1413 PST -6 DELTA T [2]: -2.6 DEC F
{10 SEC/CU METER] QELTA T (31): 3,7 JEGF

ARC NO: 3 6 7 ] 4 10
DIST(M:: 200 400 600 800 120¢C 2400

AZIMUTH
71.0 0,228
71.5
72.0
72.5
73.0 2.36 0,0593 G.0492
73,5 :
74.0 0.125
74.5
75.0 27,9% 0,202 0.410%*
75.5 0,674 .74
76.0
76.5
77.0 30,8 3.67 3.33 1,33 5.41
77.5
78.0 2,816
78.5 L.t 6.2¢
79.0 5.9 1.9 32.0 0,981
179.5
80.0 7.37 10.6 1.27
80.5
81.0 0.934 5.70 11.2 1,38
81.5 9.83 11.%
82.0 4,59
82.5
83,0 0.614 4,80 7.80 10,7 7.80 2,95%
33.5

84.0 1.95
84.5 15,2 6,88

45,0 0.429 7.23 8.52 1,80
85.5

86.0 7.52 2,85% 1,44
86,5

87.90 0,356 0,287 4,31 0,534
87.5 3.46 1,23

88,0 0,508
88‘5

§9,0 0.254 0,292 1.24 1.20 O.u74
89,5

30.0 0.243
93,5 0.444 0,787

41,0 0.192 0.1338
41.5

92,0 0.,0878 0.292 0.0655
92.5

93.0 0.0574 0.,0492
93,5 0.159

4.0 0.0309
96.5

95.0 0.0510 0.0410

SIGMA
DEG: 1.92 2,84 2.82 2,85 3,53 2,88
T 6.6 19,7 29.5 39,8 75.8 120.4

. o e man s o e Ve T e e oy .
e A s e [ ——— — - - ]




A35

N . Table Al {conid)

HORHALIZEL wOSAGES

B SANDG STOAM NO, 33 U=-BAR: 4,51 METERS/SEC
d .CATE 8 OCT 1963 £/4 DELTA T (11: -0.3 DEG F
B TIME 1543  PST DELTA T {2): =-0.8 DEG F
(1075 src/cu HETER] OELTA T [3]: =-1.5 LEG F
ARC NO: 3 b 7 8 9 10
DISTIMI: 200 400 600 800 1200 2400
AZIMUTH
68.0 0.0663
68.5
§9.0 1.46
§9.5 0.673
70.0
70.5
71.0 2.46 0.182 0.232 0.124 1.92
71.5
72.0 0.0995
72.5 0.561 1.54%
73.0 9,58 1,32 0.949 0.249
3.5
74,0 3.08 1,37 0.663
74.5
75.0 25.5 10.9 .57 1.21
75.3 5,31 0.431
8 6.0 1.29%
- 76.5
R 7.0 76.0 8,12 3.95 7.00 0,124 1.38
77 5
8 5.0 1.58
8- 78.5 3,98%
 79.0 27.9 8,72 2,49 1.86
79.5
$0.0 2,29 0.786
80,5
41,0 3,59 1.33 0.663 0.395
§1.5 0.746
82.0 *0.0829
§2.5
83.0 3,35 0,199 0.434 0.663
$1GMA
| DeG: 2.30 2.06 2,32 2,29 1.84 2.10

M: 8.0 14.3 24,2 31.9 38.5 88.0




A35

Table Al {contd)

HORHMALI ZLu QOUSAGES

SAND STORM NO, 34

DATE

TIHE 1408

ARC NO:
DISTLA):

ALLAUTH
£9.0
69.5
70.0
70,5
71.0
71.5
72.0
?235
13.0
73.5
74,0
74,5
75.0
75.5
76.0
76.5
77.0
17,5
18,0
78.5
79.0
79.5
80‘0
80.5
81,0
81.5
2.0
82,5
83.0

S1GiA
DEG:
M

9 0CT 1963

PST

116~°% SEC/cy METER)

3 b
2006 400

OIZS{)

0.0831 0.562

b.48 1.90

3.65 0.997

11.7 0,535

0.997 0,349

0,0997

0 2.55
*vc 17_9

7
600

00,0871

0.562

0,475

0.389

Wil

Yok

800

0.078

0,125

0,225

0,093

0.266

¥
Wk

U-8AR: 6.5

DELTA T [1]:
DELTA T [2]):
DELTA T [3):
9
1200
5
N
0.,0831
0.748
0.326
L334
b4

METERS/SEC
-1.7 DEG F
-1.9 DEN F
-2.8 DO F

10
2400

w%
Jede

vt




A37

Table Al (contd)

NORMALI ZLu WOSAGES
SAND STORM NO. 35 U-BAR: 10.76 METERS/SEC
DATE 11 OCT 1963 E/Q DELTA T [1]: =1.3 DEC F
TIME 1447  PST , DELTA T [2): =~1.6 DEA F
1109 4EC/CU WETER] DELTA T [3): =-2.5 DENF

ARC MO: 3 6 7 8 9 10
DISTIM]: 200 L00 600 800 1200 2400

AZIMUTH

91.0 2.68 0.0572

91,5

92.0

§2.5

93.0 11.4 0.111

93,5

94,0

.5

95,0 25,5 0.234

95.5

98,0

96.5

97.0 40.0 0.409 0.181

97.5

98.0

98.5

99.0 63.8 3,04 0,294

99.5

100,90

100.5

101.0 38.3 22,1 0.490 0.0817 *0,049°0

101.5

102.0

102.5 0.245 0.0927

103.0 18,0 27.6 2.01

103.5

104,0 0.508 0.164%* 0.0695
104.,5

105.0 6,11 13,7 1.317 0.214
105.5 1.20 0.302

106.0 0.291
106.5

107.0 0,319 b,58 0,508 1.86 0,948 0,165

S1GMA
DEG: 2.96 3 ok Fre % *k

M: 10.3 *k 2 Yoo *k *i

¥
1
2




it

A3g

Table Al (contd)

SAND STORM NO. 36
DATFE 15 OCT 1963

TINE 1608

ARC NO:
DISTIMI:

AZIMUTH
77.0
77.5
78,0
78.5
79,0
79,5
80,0
80,5
81.0
81.5
82,0
82,5
83.0
83.5
84,0
84,5
85.0
85.5
86,0
86,5
87.0
87.5
£8.0
88,5
89,0
89.5
90.0
90.5
91,0
91,5
92,0
42,5
93.()
93,5
9% .0
94.5
95.0
95,5
96.0
96.5
97.0

S| GMA
DEG:
LK

PST

200

0.0823

1.96

13.8

b, G

84.0

62.9

9.81

4,18

0.658

NORMAL I LCu JUSAGES
t/q
110°% scc/cu NETER)

6 7
400 600
0.247 0.0412
b.46 1.88
9.38 6.37

12.3 6.58
26.3 7.84
5.76% 8.25
1,22 1.96
0.0947 0.0412
2,35 2.72
16.4 28,5

U=-RAR: 6,65
DELTA T [1):
DELTA T [2]):
DELTA T (3i:
8 9
800 1200
0.202
2.78 0.145
3.34 3.05
L,89 3,354
5.10 4,33
6,16 4,61
1,21 1.23
0.0905 0.0708
2 .23 1,91
31.0 40,1

HETERS/SFC
~0,5 DEOF
-0.8 DFR F
-1.6 DEN F

10
2400

0.138
0.390
0.698
0.769
0.988
1,38
1,96
1.30
0.0576
0.105
0.0329

L




Table Al (contd)

A39

T LI4E 1534

ARC NO:
DISTL ]

AZVAUTH
65,0
65.5
6.0
6.5
67.0
67,5
68,0
b8.5
69,0
69.5
70.0
70.5
71.0
71.5
72,0
72.5
73,0
73.5
74.0
74,5
75,0
75.5
76,0
76,5
771.0
717.5

78.0
18.5

79.0
79.5
80.0
80,5
51,0
81,5
82.0
2.5
33.0

S1GHA
DtG:

S

e

| , I

NOwWIALT LEw wJLAGES

SAHD STORN NO, 37
DATE 22 OCT 1963 £/4

PST
110°Y SEC/CU ASTERY

3 6 7 8
200 Lon 600V 300

0.0406

0.593

4,70

14,3 0,390 0.483 0,101

0.801
12,2 6.2% 3.30

2.34
4,06 4,96 2,66

1.1"
3.30 3.17 1.238 0,926

0.171
1,36 0,343 0.63u

0.232 0.0333 0.0343

0.0426

2.0k 1,80 b 1.67
9.2 12,5 o 23,3

U-RAR: 6,40
DELTA T [1]:
DELTA T (2]
DELTA T [3}:

3
1200

0.226

0.461

g.608

0.0790

13
L3}

AETERS/SFC
-0,4 DFEr F
~0,6 DEC F
-1.1 DEC F

10
2400

0.0383

*w
¥




A40

Table Al (contd)

SAND STORM NO, 38
DATE 23 OCT 1963

TI4E 1335

ARC NO:
DISTIM]:

AZ1MUTH
67.0
67.5
68.0
68.5
69.0
69.5
70,0
70.5
71,0
71.5
72.0
72.5
73,0
13.5
74,0
Th.5
75.0
5.5
7¢.0
76.5
17.0
77.5
78.0
18.5
79.0
19.5
80,0
80.5
81.0
81.5
62.0
§2,5
83.¢C
83.5%
84,0
8u.5
85.0
45.5
6.0
86.5
871.C
87.5
88.0
88.5
89,0
39.5
90.0
30,5
21.0
91.5
32.0
92.5
93.0
53.5

31 GMA
VEG:
M:

PST

3

200

0.0388

0.05538

0.196

7.45

28.4

48.7

67.6

b7.4

25.5

14,0

5.97

b.95

0.597

MORAALY LEU UOOAGES
U=BAR: 9.26

E/Q NELTA T [11:
JELTA T (21:
(1075 SEC/CJ IETER) NELTA T [3]:
6 7 8 9
400 600 800 1200
0.0439
0.0782 0.0782
0.0319
0.456 n.128
0.0550 U.044E
1.34 1.03 0.196 1.26
2.0% 1.61
5,82 5,01
5,82 4,05
28.4 11.3
8.63 4,53
31.1 21.5 10.7 6.64
3.65 6.51
30.3 16.0%
10.5 4.26
9,25 4.0
7.32 §.39
Y 5,25 6.45 “.87
3,78 1.05
0.337 0.555
0.555 0.772
0.13%
2.0909 0.190
2.59 2.91 1,29 3,58
18.0 30.4 hS,8 7%.9

METERS/SEC
-1.4 DERF
~1,7 DFr F
-2,6 JFr F

10
2400

0.0518
J.0917
0.156
J,187
0.257
0.8177
U,696

1,12

1.75

2.92
122.3

e e, b, AW R ath . & . B 48 it 1 e A

s e b o 5 i R ———————————_ s




Table Al (contd)

Ad]

SANG STORM NO. 4O
DATE 30 OCT 1963
TIME 1131 PST

ARC 1Q: 3
DIST(M]: 200

AZI!MUTH

65.0 0.668
65.5

66.0

66.5

67.0 2,37
67.5

68.0

68.5

69.0 20.8
69.5

70.0

70.5

71.0 k1,7
71.5

72.0

12.5

73.0 52.0
73.5

74,0

4.5

75,0 31.7
75.5

76.0

76.5

17.0 25.2%
717.5

78.0

78.5

19.0 20,4
719.5

80.0

80.5

81.0 5.51
81.5

82.0

82.5

83.0 1.40
83.5

84,0

84,8

85.0 0.242

S IGMA
DEG: 3.39
M: 11.8

NORIMALIZEu OUGAGES
£/Q

11076 src/cu AETLR)

6 7
400 600
0,248
1.03 0.180
2,52 0.618
9.42 3,23
10.9 8.55
14.0 2.74
2.70
2.38 e
16.5 t 2 ¢

U-3AR: 6.83
DELTA T (1}:
DELTA T (2]
DELTA T (31:
8 9
800 1200
0.278
0.970 G.198
2.26 2.01
2.75 1,33
5,48
ek "
*x *

NETERS/SEC
-1.8 DE- F
-2,71 JEC F
-3.0 DfG F

10
2640V

L2
L 34




A42

R 2

SAND STORM HO. &1
DATE 4 NOV 1963
TIME 1208 PST

ARC NO: 3
DIST{u]: 200

AZ1AUTH

59.0 0.181

59.5
60.0
60.5

61.0 0474

G61.5

62.0

62,5

63.0 3.12
63.5

64,0

64,5

65.0 5. 711
65.5

66.0

66.5

67.0 18.1
67.5

68.0

68.5

6S8.0 46.0
69,5

70.0

0.5

71,0 55.8
71,5

72.0

72.5

73.0 36,1
73‘5

74,0

Th.5

75,0 23.6
75.5

76.0

76.5

77.0 43,2
77.5

78.0

78.5

79.0 19.5
79.5

80.0

80,5

81.0 6.33
81.5

82.0

82.5

83.0 0.0648

83.5
84,0
85,5

HORINALIZEV UUSAGES

110°6 3rc/cy METER]

6
400

0.0¢821

1.17

18.1

20.8

24,9

1.08

85.0 0.0356

S1GMA

DEG: 4,09

M3 14,2

Table Al (contd)

7
600

0.304

2,36

3.33

2.92

0.0410

7.30

95.29

7.60

B Y A AT M B AR T PR B '[

96 MFTERS/SFC
: -1.8 DEO F
H -2,0 DFG F
: -3.1 DEA F

10
1200 2400

-~

0.697 0.0944
0,181
0,208
2.08 0,333
0.781
1.02
4,10 0.757
0.389
0.208
2.56 0.130
0.0903
0.0369
0.430

0.0903
0,222

0.123



-

Table Al (contd)

A43

o e e e e e e T R R R R R O R O R R R RO R R RIS ]} O e
e ———,—,——,—,———— —— e T

SAND STORI4 NO, 42
DATE S NOV 1963

TIME 1425

ARC NO:
DIST(M]:

AZI1MUTH
$7.0
57.5
58.0
58.5
58.0
$9.5
60.0
60.5
61.0
61.5
62.0
62.5 -
63,0
63.5
64 .0
64.5
65.0
65.5
66.0
66.5
67.0
67.5
68.0
68.5
69.0
69.5
70.0
70.5
71,0
71.5
72.0
12.5
73.0
7}.5
74.0
74,5
75.0
75.5
76.0
76.5
77.0
77.5
78.0
78.5
79.0

SIGHA
JEG:
2

PST

3

200

0.0416

0.0457

0.366

0.665

1,98

24,0

42,3

25.3

19.8

1.75

0.0333

NURMAL | ZE DUSAGES
E/Q
(10°6SEC/CU METER]

6
400

0.0707

0.216

3.24

5.99

7.05

8.12

“‘ol

0.374

?
600

- 0.0644

0.665

6.22

12.7

1.38

0.0499

by RN F R ey ey
U-BAR: 10.18
DELTA T [1]:
DELTA T ([2]):
DELTA T (3):
8 9
800 1200
*0,0832 0,0665
0.273 0.183
0.665 0,253
0.873 0.536
1.16 1,16
2,96 0.948
4.08
2.05
0.183
2,41 1.90
33.6 39.7

METERS/SEC
-1.3 DEG F
-1.5 DEG F
-2.4 DEG F

10
2400

0.101
0.211
0.198
0.225
0.0915
0,0205
0.110
*0.0965
0.0832

L2 4
L34

>

P Sy |

N
o w et Bl R R
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A4

SAND STORM MO, &3
DATE 7 NOV 1963
TIME 1822 PST

Table Al (contd)

NORHALI ZED VOSAGES

ARC NO:
DISTIM]):

AZIMUTH
65.0
65.5
66.0
66.5
67.0
67.5
68.0
G8.5
69.0
69.5
70.0
70.5
71.0
71.5
72.0
72.5
73.0
73.5
4.0
6.5
75.0
75.5
76.0
76.5
77.0
77.5
7‘.0
78.5
79.0
79.5
80.0
ao.s
81.0
81.5

SIGMA
DEG:
M:

200

0.264

1,27

2.02

9.35

15.3

11.9

0.202

€/Q
(10~ scc/cu METER)
6 7

400 600
0.89% 0.202
1.41 0.0902
0.866 0.640
2.92 0.89%
2.36 0.553
1.53 0,738
0.109 0.0510
3.08 ok
21,5 ko

. o AT € SRR T ST O )

—

U-BAR:

DELTA T
DFLTA T
DFLTA T

800

0.0410

0.100

0,246

0.820

2.21

1.23

0.877

0.208

0.0553

34

7.
{1}
(2]
3]

9

1200

0.6&51
0.246
0.237
1.80

1,08

Lk 4
*k

METERS/SEC
-1.2 DEC F
-2,2 DFG F

10
2400

0.0677
0.101
0,221
0.123

tk
*k

e

e
T e, .

L Vo .

T T e - gy s



Table Al (contd)

SRR A T i ek e i e i A S > e e e

A4S

SAKRD STORM HO,

bi

OATE 13 NOV 1963

TIME 1408

ARC HNO:
DISTIHM):

AZIMUTH
54.5
55.0
55.5
56.0
56.5
57.0
57.5
58.0
58.5
59.0
59.5.
60.0
60.5
61.0
61.5
2.0
62.5
63.0
3.5
64.0
64.5
65.0
65.5
66.0
66.5
67.0
7.5
68.0
68.5
69.0
69.5
70.0
70.5
71.0

SiGMA
DEG:
il

PST

200

0.03b3

1.92

8.09

2.45

0.936

0.520

O.4bk

0.0625

NORMALIZEU VUSAGLS

E/Q
{10-6 SEC/CU METER)

6 7
400 600
0.0847 0.115
0.462 0.363
0.0u04 0.220
0.0161 ’0.2b2
0.199 0.0775
0.218 0.0815
0.068¢6 0.0605
0.0784 0.0161

0.0350
12 13
*% wok

U-BAR:

4,48

DELTA T [1]):
DELTA T (2]:
DELTA T (3):

8
800

0.410

0.389

0.169

0.0865

0.0404

0.0494

0.054b4

xk
xk

9
1200

*0,0404

0.0888

0.0565

0.0381

*0,0387

0.0404

%#0,0533

0.0704

%
*k

METERS/SEC
~1,0 DEG F
-1,3 DEG F
-1.9 DEG.,F

10
2400

0.0605
0.0565
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Table A2, Remarks Concerning Table Al
Run Position ! Remarks
2 3-53 Interpolated; dead engine, gas 2/3 full,
3 5-65 Interpolated; dead engine, gas full,
5-77 Estimated; 1/2 filter missing.
9-73 Interpol\ated; dead engine, gas full, cock closed.
9-75 Interpolal®d; dead engine, gas fuli, cock closed.
9-81 Interpolated; dead engine, gas full, cock closed.
9-83 Interpolated; dead engine, gas full, cock closed.
10-77 Interpolated; sample lost.
10-78 Interpolated; filter torn,
5 2-53 Interpolated; dead engine, gas 3/4 full.
7-53 Interpolated; dead engine, gas 2/3 full,
7-71 Interpolated; sample lost.
9-65 Interpolated; sample lost,
9-67 Interpolated; dample lost,
9-77 Interpolated; sample spilled.
10-62 Interpolated; filter damaged.
10-75 Interpolated; sample lost.
10-76 Interpolated; sample lost.
6 5-83 Interpolated; filter lost.
7 1-57 Interpolated; extremely low assay, no explanation,
5-59 Interpolated; filter lost,
11 4-53 Interpolated; filter lost.
6-68 Interpolated; filter damaged,
9-55 Interpolated; engine dead, gas full, cock closed,
10-71 Interpolated; filter lost.
12 1-57 Interpolated; engine dead, gas 3/4 full,
T-71 Interpolated; engine dead, gas full,
14 ‘ 7-89 Interpolated:; ¢ead cnvine, gas full, cock closed,
; 10-90 Interpolated; dead ¢ »aine, gas full, cock closed.
i .
16 | 3-85 | Interpolated; dead cngine, gas 3/4 full,
. 6-99 ' lnterpolated; dead engine, gas 3/4 full, -ngiae seized,
I 6-103 Interpolated; dearl engine, gas 3/4 full. engine seized.
8-96.5 Interpolated; dead engine, gas full, cc.k closed,
9-102,5 Interpolated; dead engine, gas 3/4 fi «ngine geized.
i 10-90 Interpolated; no sample collected,

r

Preceding Page Blank
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Table A2 (conid)

Run

Position

Remarks

17
18

21

22

26

9-81.5

3-61
6-63
5-69
6-73
9,57.5
9-56

3-87
8-86
9-78.5
9-83
9-89
10-61
10-64
3-85
6-71
-83
8-71
§-75.5
5-74
9-86
10-73
10-81
10-84

3-95
6-93
6-103

3-91
8-81.5
10-87

3-69
8-78.5
8-62
9-75.5
9-60.5

Interpolated; low vacuum,

Interpolated; engine dead, gas full,

<]

Interpolated; engine dead, gas 3/9, engine seized.

Interpolated; low vacuum,
Interpolated; orifice plugged.
Interpolated; engine dead, fuel cap off,

Interpolated; engine dead, fuel cap off,

Interpolated; dead engine, gas 1/2 full,
Interpolated; filter torn.

Interpolated, dead engine, gas 1/2 full,
Interpolated; sample spilled,
Interpolated, low vacuum,
Interpolated, filter lost.

Interpolated, dead engine, gas 3/4 full.

Interpolated; dead engine, gas 3/4 full,

Interpolated; dead engine, fuel cap off.

i Interpolated; dead engine, fuel cap off,

Interpolated; dead engine, gas full,

interpolated; sampic spilled.

{ Interpolated; low vacuum,

Interpolated; dead engine, gas full.
Interpolated; dead engine, gas 3/4 full,

Interpolated; filter torn,
. Interpolated; dead engine, gas 3/4 full,

Interpolated; dead engine, gas full,

i Interpolated; dead engine, gas 1/2 full,
- Interpolated; filter lost.

Interpolated; dead engine, gas 3/4 full,
Interpolated; dead engine, gas 3/4 full,
Interpolated; damaged filter,

Interpolated; low vacuum,

Interpolated; damaged filter,

Interpolated; damaged filter,
interpolated; lost filter,
Interpolated; sample spilled.

engine seized,




Table A2 (contd)

A49

Run;, Position Remarks
26 9-65 Interpolated; dead engine, gas full,
10-64 i Interpolated; filter lost.
10-69 ; Interpolated; !ead engine, gas 3/4 full, seized engine,
217 7-65.0 . Interpolated; damaged filter.
8-65,0 Interpolated; damaged filter.
9-57.5 | Interpolated; dead engine, gas 3/4 full.
10-59 . Interpolated; filter lost.
10-62 . Interpolated; low vacuum,
28 3-67 Interpolated; dead engine, gas 1/2 full,
29 3-79 Interpolated; damaged filter,
3-85 Interpolated; dead engine, gas 3/4 full.
6-77 Interpolated; dead engine, gas full.
7-73 Interpolated; damaged filter.
9-72.5 Interpolated; spilled sample.
9-80 Interpolated; dead engine, gas 3/4 full,
9-83 Interpolated; dead engine, gas 3/4 full,
30 3-89 Interpolated; dead engine, gas full,
9-87.5 Interpolated; dead engine, gas 1/2 full,
9-105.5 Interpolated; dead engine, gas 1/2 full,
10-85 Interpolated; damaged filter.
10-87 Interpolated; damaged filter.
10-88 Interpolated; damaged filter.
10-91 Interpolated; dead engine, gas full,
10-99 Interpolated; dead engine, gas 1/2 full,
31 8-90.5 Interpolated; dead engine, gas full.
32 3-75 Interpolated; dew.d engine, gas 3/4 full.
7-15 Interpolated; d»ad engine, gas 3/4 full.
9-86 Interpolated; dead engine,
10-83 Interpolated; lost filter,
23 8-78.5 Interpolated; damaged filter,
9-72.5 Interpolated; damaged filter,
1u-76 Interpolated; spilled sample,
10-82 Interpolated; damaged filter,
35 9-101 Interpolated; damaged fil r,
9-104 Interpolated; damaged filter,
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Table A2 {cntd)

Run Position Remarks
36 6-91 Interpolated; dead engine, fuel line off.
37 6-71 Interpolated; damaged filter,
38 7-85 Interpolated; spilled sample,
40 3-77 Interpolated; dead engine, gas 3/4 full,
42 7-69 Interpolated; lost filter.
8-62 Interpolated; dead engine, gas 3/4 full.
10-70 Interpolated; dead engine, gas 3/4 full,
44 9-57.5 Interpolated; lost filter.
9-63.5 Interpolated; damaged filter,
9-66.5 Interpclated; dead engine, gas 3/4 full,




Table A3. Source Data
Experiment Date Weight of Expended I Firing Duration
Number (1963) Propellant (pounds) (seconds)
2 27 March 7.20 5.4
3 8 April 25,00 5.0
4 19 April Unknown Unknown
5 24 April 7.60 5.1
6 6 May 15,04 3.9
7 8 May 15.05 8.0
8 22 May 14,90 4.9
9 23 May 14,77 5.0
10 29 May 25,74 2.5
11 10 June 25,95 2.4
12 12 June 25,95 2.5
13 14 June 24,90 8.0
14 19 June 15.00 4.7
16 9 July 23.07 6.3
17 11 July 22.54 7.5
18 15 July 14,51 4,2
19 17 July 13.96 5.3
20 26 July 30, 43 7.8
21 30 July 30,52 8.1
22 9 August 30,85 8.5
23 16 August 30.69 7.1
24 19 August 29,97 7.7
25 21 August §5.81 7.1
26 22 August 66.53 7.2
21 27 August 65.56 7.1
28 30 August 65. 47 7.1
29 10 September 65.88 7.3
30 11 September 65.75 7.2
31 12 September 64.95 7.8
32 16 September 65.75 7.3
33 8 October 39,71 5.3
34 9 October 39,60 5.9
35 11 October 65,92 7.6
36 15 October 65.45 7.3
37 22 Cctober 66,31 7.9
38 23 October 67.53 7.5
39 29 October 22,54 8,2
40 30 October 15,00 5.0
41 4 November 65.66 6.8
42 5 November 64.78 7.0
43 7 November 65.68 8.1
44 13 November 66.75 7.7
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Appendix B

Phototheodolite Data

The data presented in this appendix were taken from three phototheodolite
cameras, \Mouel KTH 53, The cameras were pulsed simultaneously at a rate of
four frames per second and recorded the azimuth and elevation of the aiming
point as well as the time. One camera was positioned approximately one-third
mile upwind of the firing pad. The other two were positioned approximately one
mile from the firing pad on a line normal to the centerline of the sampling grid.
Camera locations relative to the firing pad and sampling grid are shown in
Figure 6 of Chapter Il in the report. Triangulation with the camera closest to
the firing pad and either of the other two cameras sufficed to fix the position in
space and time of any portion of the cloud observed hy the two cameras.

For many of the experiments it was possible to identify only the top of the
cioud {rom two camera positions simultaneously. Consequently the height, rate
of rise, and the rate of trangport of the top o! the cloud was the only informa-
tion obtained from those experiments. Fotr others it was possible to determine
the crosswind dimension from the angular width taken from pictures made hy
the upwind camera, bor a few experiments the dimension in the direction of
travel was determined from the angular spread of the cloud in pictures made by
one or both af the other two cameras. It was never possible, . “wever, to identify
both the top an<' the base of the visible cloud simuntancousiv, 2o that estimates
of the height of the cloud's center were not possible; hence, we were unable ‘o

delermine the effective gorrce height with reasonable acouracy.

e

3

*
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Adverse weather conditions, such as blowing sand which could damage cam-
era lenses and haze which made cloud definition poor, as well as priority com-
mitments of camera crews, reduced the number of diffusion experiments sup-
ported by phototheodolite measurements to 32. Of these, some were of less than
20 seconds duration.

The tabulations which follow present the position of the cloud top and the
cioud width and length as a function of time after the cloud was first observed
by one of the cameras. This time can be taken to be about 1 to 2 seconds after
ignition. The X coordinate is oriented along the centerline of the 90-degree
sampling grid, that is, the 062-degree true azimuth from the firing pad. The
Y coordinate ie normal to the X coordinate, with positive values to the south
and negative values to the north,




Table Bl,

SAND STORM NO.2
DATE: 27 Mar 63

Phototheodolite Data

TIME POSITION OF TOP WIDTH LENGTH
y 4 Y X
(seconds) | (tee?) (feet) (teat) (feet) (teet)
3 15.9 - 6.5 146,1
4 18,2 - 5.2 179.3
5 21,5 - 6.8 214 .4
6 23,0 -19.1 25i.1
7 25.5 - 9.1 288.,3
) 22.5 -17.9 316.8
9 23.6 -24.5 350.3
10 25.3 -13.8 401,3
11 25.5 -17.9 433.6
12 27,4 -28,0 462.06
13 26,5 -32.9 510.8
14 29,5 -38.6 537.7
15 29.9 -41.4 562,9
16 35.3 -56.8 580,7
SAND STORM NO. 3
DATE: 8 Apr 63
TIME POSITION OF TOP WIDTH LENGTH
y4 Y X
(seconds) | (feet) (feet) (teet) (foet) (teet)
2 18.5 17.0 99.2 13.8
3 23.2 26.1 133.4 26.6
4 24,8 28.9 159,9 31.8
5 29.2 32.8 183.3 35.9
) 34.9 42,0 214.4 45,4
? 39,0 44,0 244.9 51.9
8 43,8 46.2 272.8 6l.1
9 49,8 58.0 299.7 68,0
10 53,0 57.2 338.2 7i.8
11 03,8 ©5.0 360.8 75.7
12 73.5 71.7 396.5 79.4
13 3.2 7.8 4273 7.4
14 ¥5.4 80.2 463 .4 5.3
15 103.1 85.2 496,7 96.6
16 110.8 96,6 $34.6 1040
17 118.4 100.1 564.1
18 133.8 IR 6006,3
19 139,5 121.2 651.0 106.5
20 152,3 135,3 691.06 106.3
24 177.06 180.1 548.,3 134,06
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SAND STORM NO. 4

Table Bl {contd)

DATE: 19 Apr 63

TIME POSITION OF TOP WIDTH LENGTH

Z Y X
(seconds) (teet) (feet) (feet) (feeti (taet)

2 23.3 1.2 106.1

3 29.6 13.0 151.8

4 41.4 5.6 196.3

5 48.8 5.6 I,

6 54.8 4.2 286.,5

7 61.0 5,3 3310

8 71.4 .2 34,1

9 73.7 13.3 420,35

10 80.0 11,7 365.1

i1 86.9 15.8 $:0.1

12 95,3 23.5 554 ,9




SAND STORM NO.6

Table Bl {contd)

DATE: 6 May 63
TIME POSITION OF TOP WIOTH | LENGTH
T
7 Y ' X
(seconds) | (feet) (feet) (feet) (feet) (feet)
0 4.9 2.2 14.8 4.8
1 16,1 20.3 74,4 31,0
2 31,9 35.3 110.5 38.3
y 39.4 44.6 128.5 55.0
4 46,9 52.4 140.8 59.7
5 52,2 61.0 171.3 67,2
6 51.5 69,5 194,0 72,4
7 59.2 76.8 214.7 76.4
8 54.9 85.5 2420 77,7
9 56,0 99,9 283.5 85.8
10 61,5 99.8 301.3 §7.0
1 64,0 106, 1 326.2 92,4
12 73.4 113,0 351.4 89.5
13 84. 8 128.0 374.3 89.1
14 89.0 129.9 400.4 93.4
15 974 134.3 427.5 90,7
lo 102.4 135,0 4534 94.9
17 10,9 140.7 4770 96.8
18 112.0 148.5 98.7 99.5
i9 108.5 155.5 526,7 101.9
20 5.8 164,86 551.0 06,4
25 144,9 196.4 0860 113.5
30 153.3 215,3 788.9
M 164,3 231.9 owind

Bo




Table Bl {(contd}

SAND STORM nO.7
DATE: 8 May 63
TIME POSITION OF TOP WIDTH | LENGTH
Z Y X
(seconds) | (feet) taat) (feet) (feat) (teet)

0 10.6 6.5 43,2

i 19.7 12,7 85.7

2 28,1 25,7 131.4

3 40.3 23.4 165.4

é 46,2 18,5 179.7

5 §2.3 1.4 219.2

6 56,4 15.9 242.9

7 64 .8 16.8 271.6

8 73.7 18.0 294.6

g 77.5 15,9 341.4

10 86,3 7.2 374.%




SAND STORM NO.IT

DATE: 27 May 63

Table B1 {contd)

TiME POSITION OF TOP WIDTH LENGTH
4 Y X
(seccnds) (feet) (feet) {feet) (teet) {feet)
0 17,2 8.9 77.7
1 30,1 28,2 106.9
2 31.8 31.9 127.8
3 33.8 46,0 164.6
4 44.5 48,9 174.2
3 52,0 66.3 225,6
¢ 62.1 75.2 234,7
7 71.6 76,1 246,3
8 75.7 77.1 251.3
9 78.0 75.8 2497
10 89.8 80,0 268.3
11 92.2 82.9 276.0
12 95,0 84,2 288,7
i3 98,2 90,3 303.5
14 101.0 91,4 306,9
15 1i0.2 92,5 319.1
1 117.5 $4.0 326,90
7 1201 100, 1 337.5
18 123.8 103.3 351.9
i9 131.i 105.9 358.9
20 138.8 103.4 374.1
25 175.0 106.,3 447,
30 210.4 98.8 531.8
35 244,9 105,7 608.2
36 252.8 109.1 624.1
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Table B1 {contd)
SAND STORM NO. I3

DATE: 14 June 63
TIME POSITION OF TOP WIiDTH LLENGTH
Z Y X
(seconds) {teet) (feet) (feet) (feet) (feet)
0 8,2 2.1 20,7
1 18,2 10.0 65.0
2 24,9 14,7 36.3 44,0
3 27.8 21,4 126.0 51.4
4 38.7 24,8 142.9 60,1
5 45,3 21,2 151.2
6 55.7 21,2 159.6 66.4
7 60.1 19.8 170.3 68.3
8 64,5 8.9 176.0
9 69.8 20,7 186,7
10 74,0 29.0 217.8
il 83.5 26,8 221.7 80.8
12 91,8 24.9 225.7
13 96,3 19.5 231,6 82.3
14 104.8 18.56 237.4
15 114,1 18.5 246.0 88,7
16 119,5 19.9 250.6
I 128 .4 21,7 259.5
18 136.4 23.4 261.2
19 139.7 27.2 27i.2
25 162.4 70.0 374.0
30 196.1 91,1 417.9
35 225.4 110,5 463,5
40 240.9 147,38 491,3




SAND STORM NO. 4

Tahle Bl {(contd)

DATE: 19 June 63
TIME POSITION OF ToOP WIDTH LENGTH
Z Y X
(seconds) (feet) (feet) (feet) (feet) (feet)

0 12,0 9.9 35,6

1 19.1 22,7 76,5 36.5
2 18.8 37.6 51,6 47.0
3 19.8 50.9 137.3 61.2
4 28,4 63.7 166.1 65,9
5 31.7 60 © 181.4

6 39.4 67.4 194.4 67.3
7 43,1 66.0 204.7 68.3
8 44,9 76.i 225.8 68,9
9 50.2 54,9 243.0
10 55.6 92,8 254.,5 69.6
11 57.7 93,7 261,06
12 59,7 107.0 282.4 72.8
13 65.7 106.8 500.9 74,4
14 67.5 118,2 310.5
15 70,0 122.5 318.2
16 81.5 116.9 332.8 78,5
17 83.0 129,2 346.0 76.9
18 87.4 133.,0 357.1 31,0
19 89,4 132,1 372.8
20 83,7 143,1 391,2
25 112.5 173.,0 456.6

m@«!&,:@uﬁ e
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SAND STORM NO.l6

Table Bl (contd)

DATE : 9 July 63
TIME POSITION OF TOP WIDTH LENGTH
Z Y X
{seconds) (teet) (feet) (feet) (feet) ifeet)
0 3.8 3.8 16,6
1 18.6 25.4 81,3
2 25.4 23,7 107.6
3 30,5 33,1 119.5
4 33.3 42,5 131.1
5 34,1 45,8 135.6
6 36,5 56,5 168.4
7 43,6 60,7 185,60
8 47,6 62.1 192,2
9 49,1 67.0 203,0
10 55,8 72.8 2158
11 59,3 83.7 234,5
12 6.4 8.7 250.3
13 70,0 87.7 207.,6
14 69,7 96,0 278.4
15 76,4 100.4 304.,9
16 81.7 104,2 313,7
17 38.8 110,2 328.1
18 85,7 119.4 $35,0
SAND STORM NO. 17
DATE: 11 July 63
TIME POSITION OF TOP WIDTH LENGTH
Y 4 Y X
(seconds) | (feet) (feet) (feat) (feet) (feet)
0 7.1 1.1 .3 6.7
1 12.8 0.0 20,9 21,8
¢ 23,1 24,9 72,9 41,5
3 32,0 30.6 08,7 51.4
4 35,4 32,4 129,4 02.5
5 39,2 39.5 154,2 71,9
6 41,7 34,5 169,0 78.1
7 47.1 39.3 1770 83,9
8 48,1 47.3 188,06
9 53,0 54,5 218.4 91,2
10 58,2 ol,1 228.7 91.5
11 05,8 00, 248,06 91,9
12 08.4 74,0 259, 4 92,4




SAND STORM NO. I8

Table Bl (contd)

DATE: 15 July 03
TIME POSITION OF TOP WIDTH LENGTH
Z Y X
{seconas) | (feet) (feet) (feet) - (feet) (feet)
1 18.8 11.3 65.6
2 19,9 8.8 106,2
3 26,0 8.5 138.5
4 29.9 11,2 166.4
5 35,4 9,3 194,4
6 40.0 6.1 223,0
7 45,2 8.9 250,9
8 49.2 6.9 276.0
9 53,0 9.9 295.9
10 57.4 7.2 318.1
11 63.6 21,0 339,8
12 71,2 22.3 3662
13 78.6 25.3 388.,5
14 83,6 23.4 413,2
15 87.9 24.5 447,0
16 93,0 25.1 467.7
17 98,9 20.0 496.,5
18 103.8 18.5 522.4
19 109.2 18,2 547.2
20 112.6 18.0 573.0
25 127.6 14,3 691.4
30 142.7 9.1 822.7
34 183.,5 - 7,7 8387 .3

BIl1l




SAND STORM NO.I9

Table Bl (contd)

DATE: 17 July 63
TIME POSITION OF TOP WIDTH LENGTH
Z Y X
(seconds) (teet) (feet) (feet) (feet) (feet)
0 6.8 6.6 17.7
1 14,1 2205 71.5 29.8
2 20,6 51.2 108,7 4l.1
3 25,5 4..,0 147.7 51,5
4 23,9 41.5 154.,0 56,1
5 26.5 48.5 170.3 60.3
6 28.1 57.9 196,6 67.7
7 30.0 64,5 216.,8 08.U
g 39.4 80,8 203,06 74,5
9 45,1 91,3 287.0 79,2
10 45.9 101.5 311,4
11 54,2 120.0 335,7 92,1
12 62,9 135.3 354.2
13 74.1 151.4 398.3 98.2
14 7842 157.9 419,6
15 88,9 169.2 460,3
16 92.7 179.1 494,4 109.0
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Table Bl (contd)

SAND STORM NO. 20
DATE: 26 July 63

TIME POSITION OF TOP WIDTH LENGTH
Z Y X
(seconds) (feet) {fee?) (fee?) (feet) {feet)
0 13,1 11.5 55.2
1 21,0 21.5 95,9
2 25.8 27,7 12642
3 29.7 32,3 150, 1
4 33.5 36,2 178.0
5 38,7 39,1 199.3
6 45,7 47.9 225.3
7 54,7 49.3 244.4
8 64.0 54,1 264.5
9 72,6 56,3 278.8
10 80.0 54,6 291.1
11 87.0 57.5 307.9
12 92,6 62.3 322.6
i3 97.9 67,7 338.3
14 103.8 71,1 352.6
15 108.1 74,8 568.5
16 113.7 77.8 385,4
17 116.6 75.8 400.8
18 123.5 74,9 410.2
i9 131,5 82,0 433.9
20 135.9 83.7 449.9
25 169.0 98,2 519.3
30 199.4 120.5 587.6
35 233,0 142,4 676.6
40 268,5 175.8 722,3
45 297.5 238.7 783.6
48 307.5 263,3 797.8

w'
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Table B1 {contd)

SAND STORM NO. 21

DATE: 30 July 63
TIME POSITION OF TOP WIDTH LENGTH
Z Y X
(seconds) | (teet) (toet) (feet) (feet) (faet)

0 4.2 2.0 22.3 5.9
1 19,2 16.6 81,5 44,9
2 24.5 12,4 124.8 57.0
3 28,6 20,5 176.6 05.4
4 34,9 69.1 206.6 65.9
5 40,2 83.4 237.3 69.9
6 45.8 91.5 273.1 76,5
7 51.8 100, 8 307,1 80.3
8 57.3 111,5 340.1 86,7
9 61.4 122,8 383.9 94,4
10 63.5 129.9 4027

11 70.3 137.6 435,7

12 74,3 149.8 465.9

13 82.0 157.1 501,2

14 87.3 171.4 531,7

15 93,6 180.0 562.5

16 98,3 187.5 584,7

17 104,6 198,0 621.4

18 110.1 201,1 654,4

19 114.7 209,0 684, 4

20 120.0 216.3 715.5

25 137.7 240,8 850.5

30 159.5 284.8 1010.1

35 190.9 319.8 1157.7

o) 208, 1 330.5 1299.4

3 222,2 387.2 1453.5

48 231,0 367.4 1530,7




SAND STORM NO. 22

DATE: 9 Aug 63

Table Bl (contd)

TIME POSITION OF TOP WIDTH LENGTH
Y4 Y X
(seconds) (feet) (feet) (feet) (teot) (teet)
0 4.9 4,0 19.2
1 18,9 24.3 66.2
2 21,8 37.6 100.1
3 20,4 42,8 130.7
4, 28,2 63.2 1%0,2
5 33.0 75.3 168.7
6 35.6 85.9 185.0
7 44,2 93.3 200.9
8 48.3 103.0 217.5
9 55.4 104.8 240,5
10 62.6 117.4 261.5
11 68.0 127.7 275.2
12 70.6 135.9 284.1
13 74.5 136.9 298,7
14 80.4 142.9 308.0
15 87.0 150.1 315.0
16 92,5 155.8 326.1
17 98.5 162.6 340.5
18 104.8 173.9 351.6
19 109.0 182.7 362,7
20 116.5 194.0 386.5
25 117.4 250.7 457.5
30 133.8 307.8 $22,0
35 145.6 353.2 610.8
40 153.6 395.7 666.4
45 166.7 440.0 762.2
50 162.3 543,2 823.6
54 165.3 562.1 871.9
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SAND STORM NO. 23

DATE: 16 Aug 63

Tabie Bl (contd)

TIME POSITION OF TOP WIDTH LENGTH
Z Y X
(seconds) (teet) (feet) (feet) (feet) (feet)

0 9.9 8.7 28.5 11.2
1 23.2 28.2 84.5 15.9
2 37.7 33.9 110.5 27,0
3 45,1 38.6 130.1 47.3
4 49,7 43.6 160.5 54,6
5 51.3 47.0 182.9 $3.7
6 50.5 61,8 252.7 58.2
7 53.4 04,5 275.4 63.2
8 55.8 72.1 302.7 6.5
9 6.0 75.3 326.5 72.6
10 57.6 80.6 356,0 79.0
11 56.5 84.3 371.9 86.3
12 57.0 93,0 410.4 84.5
13 57.1 96,6 439,1 94.8
14 58.8 101.6 472.4 96.7
15 60.6 104.4 481.8 107.4
16 62.2 106.4 517.1 112.4
17 61.7 108.9 53/.2 118.3
18 63.7 117.3 567.7

19 64,2 119.4 593.1

20 64.4 126.9 619.4

2 69.8 107.0 740.6

27 75.0 119,2 311.4




SAND STORM NO.25

Table Bl (contd)

DATE . 21 Aup 63
TIME POSITION OF TOP WIDTH LENGTH
Y 4 Y X
(seconds) (feet) (feet) (feet) (feet) (feet)
0 3.6 2.9 5.8 5.8
1 17.1 28.9 91.3 43.9
2 25.4 25.0 120,6 65.3
3 36.1 48,6 145,3 71.0
4 44,1 58.0 165.6 86,5
5 47.0 61.5 1845 87.4
6 52,6 72.4 203.7 101,06
7 3.7 80.1 225.8 11i.3$
8 55.0 85,1 247.2 118.0
9 57.2 89.4 2680
10 63,9 v3.4 85,6
11 67.2 100.7 302.2
12 69.3 111.5 3:21.2
13 71,3 iy, 341.5
14 74,0 127.9 360.0
15 77.0 155.3 406.9
15 83.9 168.8 440.9
17 9.5 177.8 455.9
18 97.1 192.1 478.2
1y 105.7 203.7 500.1
2 113.6 210.4 521.6
25 160.1 260.3 623.9
30 201.5 360.5 730.3

B17




B18

Table Bl (contd)

SAND STORM NO. 26
DATE: 22 Aug 63

TIME POSITION QOF TOQP WIDTH LENGTH
y4 Y X
(seconds) (feet) (feet) (feet) (feet) (feet)
1 21.4 10.3 8i.0
2 30.8 6.6 163.2
3 43,5 8.8 199.8
4 54,0 10.0 249.8
5 64,1 12.6 288.5
6 71.4 9.3 324.7
7 72.4 14,9 364.5
8 76.5 19.2 416.2
9 78.1 3.3 440,7
10 77.2 4.4 478.8
11 86.2 -3.5 519,7
12 89.0 .0 $50.7
13 93,4 .8 583,2
14 94,8 -2.2 618.5
15 98,2 1.4 656.1
16 97,7 4.5 689.2
17 101.4 7.5 727.5
18 104,1 25.1 829.6
19 110.9 25,1 873.0
20 111,2 28,3 913.2
25 124,4 39,8 1120.1
29 135.6 40,2 1263.4




B19

Table B1 (contd)

SAND STORM NO. 27
DATE: 27 Aug 63

TIME POSITION OF TQP WIDTH LENGTH
Zz Y X
(seconds) | (feet) (feet) {feat) {feet) (feet)
0 8.0 8.3 45.4 13.7
1 20,7 18.8 109.2 38,5
2 34,1 24,5 127.8 64.3
3 41,2 26.0 147.6 80.4
4 43.5 3.1 164,0 93,3
5 46.1 30.4 178.1 101.3
6 47,2 38.5 245,2 110,0
7 51,0 41.8 310.8 1219
8 57.7 45,5 334.4 138.1
9 62.0 46.8 358.7 146,5
10 67,2 44,4 39,7 151.8
11
12
13 84,5 38.6 463.7 167.8
14 87.9 46.6 488.5 160.6
15 92,7 51,3 5§12.0 174.2
16 96.9 44,1 539.0 181.1
17 101,3 40.9 563.6 189.5
18 106.4 44,0 $87.5 190.2
19 110.4 38,1 606.5
20 114.8 44,2 630.6
25 131,7 23.3 771.4
30 147.7 15.6 844.3
35 164.8 26.1 965.2
40 vea g -18.8 1p0- = |
45 N b L2 1i98.0
55 260.2 - 6.5 1439.1
60 271.0 -10,5 1558.4
65 278.6 .6 1687.9
70 289,9 - 1,7 1816.2
75 304.4 3.8 1959.5
80 307.5 10,5 2099,7
85 312.5 19.8 2196.4
A 90 321.3 19,8 2313.2
¢ 95 331.1 13.1 2451.6
§ 98 341.4 21,9 2529.3

e o
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Table Bl (contd)

JAND STORM NO. 28
DATE: 30 Aug 63

r—y

TIME POSITION OF ToOP WIDTH LENGTH
y4 ¥ X
(seconds) | (feet) (feat) (feet) (*eet) (feet)

0 11.2 6.6 34.7 18.5
1 20.5 10.7 89.0 37.6
2 29.7 23.1 132.3 62.3
3 30.2 35.8 168.5 71.1
4 38.5 40.5 209.2 77.9
5 46,1 45,0 234,7 90.0
6 53.2 49.4 266.1 96.0
7 60,1 56.6 284,4 104.1
8 65,6 62.8 314.9 112.6
9 73,3 64.3 342.3

10 78.9 67.3 368.6

11 85.8 74.7 388.2 115,0
12 94,0 76.7 a17.7 118.5
13 95,9 87.1 438,2 120.7
14 101.5 92,7 461.6 125.2
15 106.0 98.1 488,1 130.0
16 113.8 103.9 515.6

17 119.0 111.3 540.5

18 119.9 116.8 566,7

19 127.4 120.2 591.8 138.9
20 136.6 124.3 613.9 139.7
25 164,5 145.4 722.6 155.7

30 208.3 170.5 828.2

35 254.7 107.0 964.3




SAND STORM NO. 29

Table Bl (contd)

DATE: 10 Sept 63
-
TIME POSITION OF TOP WIDTH LENCS Wi
Z Y X
(seconds) (feet) (feet) {feet) (feet) (feet)
0 6.2 7.2 28,7
1 26.8 15,4 78.1
2 35.3 21.8 139.9
3 47.8 25.4 160,5
4 55,3 32.4 183.8
5 60.4 38.5 207,6
6 63.7 45,2 230,0
7 67.4 54.1 260,7
8 71.1 64.3 307,5
9 79.4 82.8 328.3
10 87.8 84.7 352.9
11 94,4 102.6 376.6
12 102,5 98.8 406.4
13 108.8 114.4 440,4
14 120.3 120.0 474.4
15 125,7 130.0 506.1
16 124.3 144.,5 539,7
17 130.5 155.9 563,2
18 139.3 170.8 600,2
19 148.6 179.8 632.8
20 152.0 193.3 665.5
25 181.2 227.9 812,2
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Table Bl (contd)

SAND STORM NO. 30

DATE: 11 Sept 1963
TIME POSITION OF TOF WIDTH | LENGTH
Z Y X
(seconds) (feet) (feet) (feat) {feet) (feet)

0 2.6 5.5 21,1

1 23,5 24.6 88.4

2 34,0 35,2 io6 §

3 38.1 47.7 143,5

¢ 41,9 56,2 174, 2

3 48,2 63.7 194,7

6 59,0 72.5 213,2

7 68.1 77.4 226.9

8 7.0 86.7 238,1

9 63.3 94,2 248.5

10 68.1 oo, 261.7

11 67.5 1075 279.7

12 72.6 1.3.3 297.4

; 13 77.0 121.6 311.2

14 £1.0 129.9 327.%

15 81.0 140.0 350,7

16 85.6 145,0 367.1

17 93,2 145.0 377.8

18 100,8 165.0 398,9

19 106. 1 170.5 412.3

20 111,9 181.8 424,9

25 134.6 209.0 494,8

30 162.8 240.0 59,7

35 193.2 301.5 620.4

X 40 218.9 335.1 666.0

45 235.8 367.5 725.0

50 254,3 409.3 807.8

55 2/5,8 452, 871.3

R 60 293.6 497.8 237.7

: 65 312.0 $34,3 1004.2

; 75 127.3 558.9 1082.2

g 75 319,3 585.,6 1159.6
T
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Tavte Bl (contd)

SAND SYORM NO. 31

DATE: 12 Sept 63
TIME POSITION OF TOP WIDTH LENGTH
y4 Y X
(seconds) (feet) (teet) (feet) (feet) (feet)
-

G 5.3 6.8 25.9 6.4
1 21.7 19.4 84.3 37.5
2 29.2 40.8 146.3 55.5
3 38 5 50.8 184,2 68.1
4 48.2 67.7 224.6 81.3
5 57.0 78.4 250.7 94,7
6 66.4 8.5 276.0 103.3
7 71.0 102.0 309,5 111.9
8 77.2 112.9 337.7 126.5
9 84.9 127.2 366,2 129.7
10 89.0 173.8 385.5 138.2
11 96, 4 175.1 21,6 139.0
i2 102.9 188.5 451,9 144,13
13 110.¢ 210.9 482.8 150.9
14 119,5 232.7 $:3.3 160.5
:5 126.2 254,7 548,0 169,1
16 135.7 285.9 617.1 181.5
17 135.5 288.6 509.8 184,9
18 141.9 313.1 642,7 200.4
19 147.3 329,1 €325 210.1
20 149.3 347.6 706.4 222.4
25 166, 0 435,3 866.7

30 177.8 498.9 1042,3

35 19¢.3 628.2 1180,13

40 219.8 734.6 1338,4




Tahle B1 (contd)

SAND STORM NO. 32
DATE: 16 Sept 63

TIME POSITION OF TOP WIDTH LENGTH
Z Y X
(seconds) (feet) (feet) (feet) (feet) (feet)
0 12,0 8.0 37.3
1 25.0 22.6 88.3
2 32,0 37.9 142.1
3 39,2 45.4 175.5
4 47.0 54,0 205.3
5 51.4 65.5 239,9
6 58.2 76.1 267.5
7 65.4 84.3 297.6
8 70,2 88.8 319,0
9 75.0 98.9 342,8
10 79.3 111.7 378.2
11 85.3 121.8 404,1
12 93.6 135.9 432,2
3 29,0 1456 457,3
14 104.4 153,0 474,9
15 111.2 167.9 505,0
16 117.0 180.5 5$30.1
17 122,2 192.7 554,5
18 127.7 203.1 589,2
19 133.6 213,9 611.3
2 139,5 222.1 639.,0
25 175.9 283.4 771.3
30 198.6 327.5 898.1
35 230.8 382.7 1048, 2
40 245.6 422.4 1181.,1
12 6.0, <49, 1234 9
#
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SAND STORM NO. 34
DATE : 9 Oct 65

Tahle B3 (contd)

TIME POSITION OF TOP WIDTH LENGTH
Y 4 Y X
(seconds) (feet) {feet) (feet) (feet) (feet)

0 17.0 18.8 76.5 29,4 23.5
1 32,3 26.8 103.2 42,3 33.6
2 33.5 34,2 143.7 65.5 60.6
3 39.1 39,2 151.3 69.8 78.0
5 48.4 47.6 192.6 81.6 111.3
o 54,3 62.2 228.1 90.6
7 61.5 66.1 251.1 127.4
8 65.0 66.7 275.7 96.3
9 69.5 73.9 297,2 102,8 133.4
10 77.3 78.9 310.2 139.1
11 83.0 82.0 327.2 151.5
12 92.4 89,2 347.4
13 99.5 %0.7 366.3
14 107.4 97.0 383.6
15 115,7 105,2 396.3
16 124,8 111.0 416.5
17 132.4 116.3 432,5
18 140.8 122.7 448.,9
19 148.7